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In this work, the coordination chemistry and photophysical properties of 
gold(I) and platinum(II) complexes of ligands bearing tetracenyl and pentacenyl units 
were studied. 
 Attaching gold and platinum to the rim of tetracene at the 5-position induces 
the red shift of the emission in solution compared to that of tetracene. Similarly, 
auration and platination of 5,12-tetracenyldiacetylide also leads to the red-shift of 
emission compared to that of 5,12-bis(triisopropylsilyl)tetracene (3). The red-shift of 
emission of 6a to that of tetracene can be measured up to 0.53 eV. The X(Et3P)2PtII 
group (X = Br, I) has stronger perturbations on the tetracenyl ring than the R3PAuI 
group (R = Ph, Me). Varying the auxiliary phosphine ligands in 4 and 5 can switch on 
intriguing aurophilic interaction in solid state, resulting in the formation of 
honeycomb structure. The solid state emission of 5 is switched off, probably due to 
exciton coupling arising from specific arrangements of the tetracenyl rings in the solid 
state. 
 The compound 6a serves as a precursor for the syntheses of a series of 
dinuclear platinum complexes of 5,12-tetracenyldiacetylide with different auxiliary 
ligands (7 – 11, 13 – 16). The auxiliary ligands can be categorized into two groups: 
anionic, π-donating ligand and neutral, π-accepting ligand. Spectroscopic study shows 
that the complexes with anionic, π-donating ligands showed absorption (572 – 580 
nm) and fluorescence (596 – 608 nm) lower in energy than those with neutral, π-
accepting ligands (552 – 555 nm, 561 – 570 nm). The combined perturbations of 
alkynylation and platination lowered the emission energy of tetracenyl core up to 0.57 
eV. DFT calculation shows the tuning effects of two categories of ligands on the 
VI 
 
emission energy of tetracenyl rings are consistent with experimental spectroscopic 
data. 
 A series of binuclear platinum complexes of 6,13-pentacenyldiacetylide with 
different auxiliary ligands were synthesized (18a,b – 20, 22 – 24). The complexes 
with anionic, π-donating ligands showed absorption (687 – 696 nm) and fluorescence 
(710 – 726 nm) lower in energy than those with neutral, π-accepting ligands (662 – 
666 nm, 675 – 686 nm). The results show that coordination of Pt ions with π-donating 
anionic ligands to 6,13-pentacenyldiacetylide could move the fluorescence of the 
organic chromophore to the near infrared (λem =  710 – 726 nm). The combined 
perturbations of alkynylation and platination lowered the HOMO→LUMO transition 
up to 0.34 eV. 
The compounds 3 and 17 can be singly deprotected, paving the way for the 
syntheses of multichromophoric systems. The mononuclear platinum complexes 25 
and 26 show almost unchanged photophysical properties in comparison with their 
dinuclear platinum congeners. However, the compounds 27 and 28 show structureless 
absorption bands while their dinuclear platinum congeners show vibronic structures in 
absorption spectra. The results imply that the perturbations of platinum to pentacenyl 
and tetracenyl rings in mononuclear complexes are different from the dinuclear 
analogues. The bichromophoric compounds 29 and 30 reveal similar physical 
properties to their monochromophoric congeners. Interestingly, 30 shows unusual 
double stacking of pentacenyl rings with large π-surface overlap in the solid state. The 
compound 31 exhibits a wide range of absorption with purple color because of having 
two different chromophores, tetracene and pentacene. More intriguingly, the 
trichromophoric compounds 34 and 37 composed of anthracene, tetracene, and 
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pentacene absorb over the whole visible region, thus being brown in color. The 
intramolecular energy transfer among the chromophores can be evidenced via 
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1.1 Carbon –rich Organic Compounds 
 Carbon-rich compound is defined as one that has a ratio of at least one C atom 
per H atom.1 The most important class of carbon-rich organic compounds is polycylic 
aromatic hydrocarbon (PAH) which possesses a π-conjugated system expanded two 
dimensionally. Scheme 1.1 represents examples of linear PAHs or polyacenes which 
are napthalene, anthracene, tetracene, pentacene, and hexacene. Notably, the stability 
of the polyacenes drops quickly when the length of molecules increases as the energy 
gaps become smaller.2 Examples of non-linear PAHs shown in Scheme 1.2 are 
phenanthrene, pyrene, coranulene, and coronene.  
 
 
 Recently, much attention has been paid to research on PAHs due to their rich 
photophysics and electronic properties.2b, 3 However, PAHs usually display poor    
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solubility and chemical stability. Therefore, functionalization of the PAHs is 
necessary in pursuit of more in-depth research. The strategies include: i) 
functionalization of the rim of PAHs with bulky solubilizing groups which are 
normally long aliphatic hydrocarbon chains.4 The groups not only impart good 
solubility for the PAHs but have steric effects, alleviating intermolecular interactions; 
ii) functionalization of PAHs with electron withdrawing groups to lower the energies 
of HOMO and LUMO, making PAHs less prone to oxidation.5 
 
 Another important class of carbon-rich compounds is polyyne. As the name 
implies, polyynes contain multiple triple bonds. The long chain of many sp-carbon 
end-capped with triisopropylsilyl groups or the compounds having many triple bonds 
connected with arene moieties can be considered as polyynes (Scheme 1.3). 
Combination of multiple triple bonds and arene moieties can produce a wide range of 
1D, 2D and 3D rigid architectures.6 Electronic structure of polyynes can be finely 
tuned by the variation of their geometries and end-capping groups.7 
 Despite intrinsic limits of carbon-rich molecules as low solubility and stability, 
current research has been much focused on harnessing their unique electronic 
properties. The Anthony group reported first examples of highly soluble 
functionalized polyacenes in which triisopropylsilylacetylide fragments were 
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incorporated to the rim of polyacenes (Scheme 1.4).2b, 8 The modified polyacenes 
display excellent solubility, enhanced stability and efficient packing in solid-state. 
Bearing multiple triple bonds end-capped with triisopropylsilyl groups, the 
compounds can also be regarded as polyynes. 
 
 The tactic proposed by Anthony has been immensely applied in research on 
polyacenes, especially tetracene and pentacene, and other carbon-rich compounds 
over the past decade.9 Notably, the Tykwinski group10 detailed a desymmetrizing 
functionalization method to synthesize first dimer (compound A, Scheme 1.5), trimer 
and tetramer of pentacene. The dimer showed a staircase-like crystal packing pattern 
with a large π-surface overlap.  The Wu group11 also reported another pentacene-





1.2 Carbon-rich Metal Complexes 
The acetylene group is known to be able to act as a ligand toward many 
transition metals such as AuI,12 PtII,13 PdII,14 ReI,15 RuII,16 CuI,17 FeII,18 HgI,19 etc. The 
bonding operates through the σ-donation of a lone pair electrons of acetylide group 
and π-back donation of dπ electrons of metals.20 Therefore, perturbation of transition 
metals to electronic structure of ligand bearing a long conjugated system such as 
polyynes is anticipated. 
 
Scheme 1.6 represents examples of dinuclear gold(I) complexes of polyynyl 
ligands.21 Due to heavy atom effect of gold, the phosphorescence of the complexes 
has been switched on. The luminescence was attributed to 3IL (π→π*) transition of 
the bridging polyynyl moiety.  
Many molecular architectures have been designed based on the rigid backbone 
of polyynes.13b, 22 For example, a series of branched trinuclear platinum(II)  
complexes with different auxiliary ligands were prepared via Sonogashira coupling 
reactions (Scheme 1.7).23 The complexes were found to give long-lived emissions 
which are of triplet origin. Notably, the route of energy transfer in the branched 




Metallomacrocycles are other architectures built from polyynes.24 An example 
is square topology reported by the Young group (compound A, Scheme 1.8).24b The 
square composes four butadiynyl groups as the edges and four platinum ions as the 
vertexes. The cis configuration of the metal centers is retained by bidentate phosphine 
groups. Lin and coworkers25 detailed the synthesis of chiral platinum-containing 
molecular polygons based on binaphthyl akynyl fragments (compound B, Scheme 
1.8). The polygons were found to have up to 38 monomeric units and a diameter of 22 
nm. Interestingly, other chiral metallacyclophanes, also developed by Lin et al,26 




Similar to polyynes, PAHs can also behave as ligands toward transition metals 
with the same bonding mode. The bay region of PAHs can be modified to form 
carbanion species which are then able to coordinate to transition metals. The metals 
can, in turn, affect electronic structure of PAHs. For example, due to the heavy atom 
effect of transition metals, forbidden spin-orbit coupling and then intersystem 
crossing rate can be enhanced, giving rise to phosphorescence.27 Many strategies have 
been used to functionalize the rim of PAHs. Recently, by using oxidative addition 
reaction, the Sharp group28 reported a platinated anthracene which is able to undergo 
unexpected selective bromination of the aromatic ring to generate highly luminescent 
platinum complexes (Scheme 1.9).  
 
The Yip group29 also reported a series of platinum and gold pyrene complexes 
which were prepared via lithiation and oxidative addition pathways (Scheme 1.10). 
The complexes showed the perturbation of heavy atoms, gold and platinum, to the 
aromatic core, resulting in phosphorescence of pyrene. Later, a new class of platinated 
pyrene was prepared via a cyclometallation route, showing better enhancement of 
phosphorescence of pyrene core.30 Another possible pathway for the synthesis of 
aurated PAHs is carbon-gold bond formation which requires boronic acid precursors 




 The triplet state of Hexa-peri-hexabenzocoronenes (HBC) was harnessed 
through platination to give phosphorescense (Scheme 1.11).32 Although the platinum 
atom is not bonded directly to the HBC core but through the acetylide or arene 
acetylide moieties, the perturbation of the metal to the aromatic ring is efficient. Many 
works on metal complexes of other PAHs such as naphthalene and perylene have also 
been reported.33  
 
PAHs can also be used to synthesize metal complexes as supramolecular 
building blocks due to their highly geometrical structures. For example, the Yip group 
recently reported the synthesis of the anthracene-based (PAnP) ligand and its metal 
complexes. It was shown that the trinuclear metallacycle [Au3(PAnP)3]3+ flips like 
cyclohexane in solution state.34 The “molecular clip” [Au2(PAnP)2]2+ can combine 
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with 4,4’-bipyridyl to form a luminescent gold rectangle (Scheme 1.12) which 
showed strong binding to electron-rich guest.35  
 
The Stang group has utilized doubly-platinated phenanthrene and congeners of 
anthracene to build up triangular and rectangular supramolecules, respectively 
(Scheme 1.13).36 By incorporating the metal-PAH building blocks with various 
organic spacers, many supramolecules bearing intriguing properties such as chemical 









 Linear PAHs or polyacenes such as tetracene and pentacene have been 
intensively studied due to their photophysics and applications in advanced materials.38 
However the organometallic chemistry of polyacene-based ligands is little explored. 
To the best of our knowledge, only a few π-metal complexes of tetracene and 
pentacene were reported in which polyacenes are coordinated to the metal through 
their π‐electrons. Notable examples of metal-polyacene complexes are sandwich 
cobalt39- and palladium-tetracene40 π-complexes. And yet, no σ-metallopolyacene is 
reported so far.  
 
The compound T-Br with 5-position substituted can be further modified to 
coordinate with transition metals such as gold and platinum. The compounds 3 and 17 
bearing tetracenyl and pentacenyl units respectively, are polyynes end-capped with 
protecting triisoproplylsilyl groups. Desilylation of 3 and 17 to form acetylene groups 
might render them into a new class of ligands toward transition metals. However, 
removal of the bulky solubilizing group may lead to poor solubility and stability. 
Therefore, judicious consideration of synthetic conditions and metal systems are 
necessary. Trans-Pt(PR3)2 (R = alkyl) moiety with square planar geometry may 
10 
 
provide an option to attain good solubility (alkyl groups) and strong perturbation to 
the aromatic rings (metal center).12d, 23, 41 
The aim of this thesis is to explore the coordination chemistry of tetracene- 
and pentacene-based ligands and then to gain insight into the perturbation of metals 
such as gold(I) and platinum(II) to electronic structure of the polyacenes through 
spectroscopic studies. 
 The next Chapter presents the synthesis and characterization of gold and 
platinum complexes of tetracene and tetracenyldiacetylide. Effects of gold and 
platinum on photophysical properties of tetracenyl core will also be discussed. 
In Chapter 3 and 4, two series of platinum(II) complexes of 
tetracenyldiacetylide and pentacenyldiacetylide are detailed in syntheses and 
spectroscopic studies. The trend of photophysical changes upon the variation of 
auxiliary ligands will be examined. 
A new method to asymmetrically functionalize the compounds 3 and 17 will 
be presented in Chapter 5. The method is used to build up multichromophoric systems 
carrying both tetracenyl and pentacenyl units. The discussion on the photophysical 
properties of the systems will be provided. 
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Gold(I) and Platinum(II) Tetracenes and Tetracenyldiacetylides: 
Structural and Fluorescence Color Changes  
Induced by σ-Metalation 
 
2.1 Introduction 
 While many organic derivatives of tetracene have been reported,1 
coordination chemistry of tetracene remains to be explored. Few examples of 
metal-tetracene complexes are sandwich cobalt2- and palladium-tetracene3 π-
complexes. To our knowledge, no σ-metallotetracene complex has ever been 
reported. In this Chapter, gold and platinum are choice metals because PtII- and 
AuI-arylacetylides were shown to have rich photophysics and optoelectronics.4 
Two synthetic entries into metalated tetracene and its derivatives will be detailed. 
The first approach is direct metalation of tetracene via T-Br which resulted in two 
mononuclear AuI and PtII complexes of tetracene (1 and 2). The compound 3 was 
used in the second approach as a precursor for alkyne ligand (T-2H) with which 
three binuclear AuI and PtII complexes of tetracenyldiacetylide (4, 5 and 6a) were 
synthesized. Photophysical changes of the tetracene core are examined to probe 
the perturbation of gold and platinum to the aromatic ring. 
 Aurophilic interaction, a “super van der Waal bonding”,5 is responsible for 
the formation of intricate supramolecular structures such as polymers,6 
metallacycles,7 helicates,8 and catenanes.9 Notably, a novel honeycomb cemented 
by aurophilic interactions occurs in the crystal packing of 5. The structural 
changes in the solid state of the complexes upon the metallation will be discussed. 
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2.2 Results and Discussion 
2.2.1 Syntheses and Characterizations 
The synthetic pathways for 1 and 2 are shown in Scheme 2.1. The complex 1 
was prepared from lithiation of 5-bromotetracene (T-Br) followed by addition of 
Ph3PAuCl. The complex 2 was prepared from oxidative addition of Pt(PEt3)4 to 5-
bromotetracene. The reaction may proceed through an intermediate Pt(PEt3)3 formed 
by ligand dissociation.10  Unfortunately, both compounds 1 and 2 are unstable and 
slowly decompose in organic solvents after a few days in air to give tetracene and 
metal colloids. Notwithstanding that, the two complexes were fully characterized by 
elemental analysis, FAB-MS, ESI-MS, 1H and 31P{1H} NMR and X-ray 
crystallography. 
FAB-MS and ESI-MS spectra of 1 and 2 exhibit singly-charged molecular 
cluster peaks attributable to [C36H26AuP]+ (m/z 686.1) and [C30H41PtP2Br + H]+ (m/z 
739), respectively. In line with mass spectrometry data, 31P{1H} NMR  spectra of 1 
and 2 further confirmed the formation of the two complexes. The spectrum of 1 only 
shows a singlet located at δ 45.6.  Interestingly, the spectrum of 2 comprises two 
doublets at δ 8.96 and 2.94 with 2JP-P of 18 Hz, responsible to two chemically 
inequivalent phosphorus atoms (Figure 2.1). This confirms a cis orientation of the two 
phosphine groups of the complexes. Each  phosphorus  atom,  due  to  the  coupling 
 with  195Pt,  shows  satellites  with  different  coupling  constants.  The  doublet  at 
 8.96  ppm  with  1JP-Pt of  1580  Hz  is  assigned  to  the  phosphorus  atom  trans  to 
 metallated  carbon (P1)  and  the  doublet  at  2.94  ppm  with  1JP-Pt of  4070  Hz  to 
 the  phosphorus  atom  trans  to  bromine (P2).  It  could  be  due  to  the  trans 
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 influence  of  metallated  carbon (strong σ-donor)  which  weakens  and  then 










































Figure 2.1 31P{1H} NMR spectrum of 2. * 195Pt satellite peaks. 
 
 
Table 2.1 Summary of the 31P{1H} NMR data of the complexes.a 
 
Chemical shifts (ppm) 
Coupling constant (Hz) 
1JPt-P 2JP-P 






4 42.94   
5 1.58   
6 9.57 2323  
a 121.5 MHz in CDCl3 at 300K 
The syntheses of 4 – 6a are shown in Scheme 2.2. The complexes 4 and 5 were 
prepared by reacting 2 mol equivalents of Ph3PAuCl and Me3PAuCl respectively with 
T-2H in CH2Cl2 in the presence of NaOMe. Due to rather poor stability, T-2H was 
generated in situ by reacting 5, 12-bis(triisopropylsilylethynyl)tetracene (3) with n-
Bu4NF.The 31P{1H} NMR spectra of 4 and 5 display singlets at δ 42.9 and 1.58, 
respectively (Table 2.1). 
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The complex 6a was synthesized by Sonogashira-type dehydrohalogenation 
reaction (Sonogashira coupling) of trans-PtII(PEt3)2I2 and T-2H in the presence of CuI 
and NHEt2 in toluene. Although attempts to obtain crystal structure of 6a failed, 1H 
and 31P NMR, high resolution ESI-MS, and elemental analysis results clearly showed 
that the complex has a C2v-symmetric structure whereby the two I(Et3P)2PtII groups 
are coordinated to the two acetylide groups and the phosphines are in the trans-
configuration. The 31P{1H} NMR spectrum of the complex shows a singlet at δ 9.57 
(1JPt-P = 2323 Hz), and the 1H NMR spectrum shows aromatic signals including two 
double doublets (H1,4, H7,10) and one singlet (H6,11) and a multiplet arising from the 
overlap of the two double doublets for H2,3 and H8,9. The data are consistent with the 
proposed structure of C2v symmetry, which is further confirmed by high resolution 
ESI-MS mass spectrum. Indeed, a singly-charged cluster peak at m/z 1389.2 
corresponding to [6a]+ ion was detected (Figure 2.2). Furthermore, the isotopic 
pattern of the observed cluster peak is in strong agreement with that of the simulated 
peak. 











2.2.2 X-ray Crystal Structures 
 All the complexes except 6a were characterized by single-crystal X-ray 
diffraction. The crystal data and structure refinement details for the complexes are 
given in Appendix C, Table C.1 and C.2. The structures are in agreement with mass 
spectrometry and NMR data. 
Figure 2.3 provides an ORTEP diagram of the complex 1 and selected bond 
lengths and angles are given in Table 2.2. The structure of 1 shows a Ph3PAuI group 
attached to a planar tetracene ring at its C5 carbon atom. The Au-Cipso (2.075(6) Å) 
and Au-P (2.2956(16) Å) bond lengths are similar to those observed in other 
arylgold(I)-phosphine complexes.11 The P-Au-C angle (169.81o) distorts from 
linearity, and as a result, the Au and P atoms deviate from the mean plane of the 
tetracene by 0.56 and 1.32 Å (Figure 2.4). The distortion could be due to steric 
repulsion between one of the phenyl rings and the tetracenyl ring in the neighboring 
molecule (Figure 2.5). Similar to tetracene and its derivatives,12 the molecules of 1 are 
assembled into a herringbone structure in the crystal via edge-to-face interactions 
between adjacent tetracenyl rings (Figure 2.5). The dihedral angle (55.39°) between 
two interacting rings and the calculated (edge)H-C(face) distance (2.801 ) are close to 
those of tetracene (51.40°, 2.761 Å).12b While the herringbones in the crystal of 
tetracene interlock and extend two-dimensionally, each herringbone in 1 is isolated 
from the adjacent ones by AuPPh3 groups. Besides C–H···π contacts between 
tetracenyl rings, C–H···π contacts between phenyl rings and tetracenyl rings of the 
adjacent molecules are also observed in each herringbone. The dihedral angle is of 




Figure 2.3 ORTEP plot of 1•C3H6O (thermal ellipsoid 50%), solvent and H atoms are 
omitted for clarity. Color scheme: yellow: Au, orange: P, grey: C. 
 
 
Table 2.2 Selected bond lengths (Å) and angles (deg) of 1•C3H6O.  
Bond lengths Bond angles 
Au(1)-C(5) 2.075(6) C(5)-Au-P(1) 169.82(16) 






Figure 2.4 Significant deviations of P and Au atoms from the plane of tetracene of 1, 
viewed along the long axis of tetracenyl ring. 
 
Figure 2.5 Crystal packing diagram of 1, showing herringbone structure with edge to 




The crystal structure of 2 is given in Figure 2.6 and selected bond lengths and 
angles are provided in Table 2.3. It is clearly seen that the PtII ion possesses a 
distorted square planar geometry in which it is coordinated to two PEt3 ligands and a 
bromo ligand and the C5 atom of the tetracene. The coordination plane is nearly 
planar with negligible out-of-plane deviation of the PtII ion (0.01 Å). 
 
Figure 2.6 ORTEP plot of 2 (thermal ellipsoid 50%), H atoms are omitted for clarity. 
Color scheme: yellow: Au, orange: P, red: Br, grey: C. 
 
Table 2.3 Selected bond lengths (Å) and angles (deg) of 2. 
Bond lengths Bond angles 
Pt(1)-C(5) 2.066(7) C(5)-Pt(1)-P(2) 89.63(19) 
Pt(1)-P(1) 2.355(2) P(1)-Pt(1)-Br(1) 86.60(5) 
Pt(1)-P(2) 2.2354(13) P(1)-Pt(1)-P(2) 99.67(7) 
Pt(1)-Br(1) 2.4968(8) C(5)-Pt(1)-Br(1) 84.10(19) 
  C(5)-Pt(1)-P(1) 170.10 (19) 




Figure 2.7 Crystal packing diagram of 2, showing insignificant π···π interactions 
between adjacent tetracenyl rings. Color scheme: blue: Pt, orange: P, red: Br, grey: C. 
 
The coordination plane of the Pt ion and the plane of tetracene ring make a 
dihedral angle of 89.62°, indicating that the two planes are nearly orthogonal. In line 
with 31P{1H} NMR data, the two phosphine groups are arranged in a cis orientation, 
forming right angles with PtII ion. However, possibly due to steric repulsion between 
the ethyl groups in the phosphines, the P(1)-Pt(1)-P(2) angle is distorted (∠P(1)-Pt(1)-
P(2) = 99.67°). Similarly, the C(5)-Pt(1)-P(1) angle is deviated from linearity (∠C(5)-
Pt(1)-P(1) = 170.10o) Because of the strong trans-influence of metallated carbon, the 
Pt(1)-P(1) bond (2.355(2) Å) is notably longer than the Pt(1)-P(2) bond (2.2354(13) 
Å). The result is in harmony with the fact that different coupling constant values (1JPt-
P) between PtII ion and phosphorus atoms are observed.13 The Pt-Cipso bond length is 
2.066(7) Å, typical for platinated polycyclic aromatic hydrocarbons.14  
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The molecules of 2 are aligned along the c-axis (Figure 2.7) with their 
tetracenyl rings parallel and separated by ~ 6.8 Å. There is insignificant overlap 
between the tetracene rings in adjacent columns. Tetracene and some of its derivatives 
such as 1 aggregate into herringbone structure in solid state. Possibly the structure is 
disfavored in 2 because of the bulky PEt3 ligands, especially the one close to the ring. 
 
Figure 2.8 ORTEP diagram of 4•3.5CHCl3 (thermal ellipsoid 50%). Solvent 
molecules and H atoms are omitted for clarity. Color Scheme: yellow: Au, orange: P, 
grey: C. 
 
Table 2.4 Selected bond lengths (Å) and angles (deg) for 4•3.5CHCl3. 
Bond lengths Bond angles 
Au(1)-P(1) 2.277(3) P(1)-Au(1)-C(1) 175.8(4) 
Au(1)–C(1) 1.988(12) Au(1)-C(1)-C(2) 177.3(12) 
Au(2)-P(2) 2.283(3) P(2)-Au(2)-C(3) 177.6(5) 
Au(2)-C(3) 1.982(14) Au(2)-C(3)-C(4) 175.1(13) 
C(1)-C(2) 1.174(16) C(1)-C(2)-C(12) 176.3(14) 




The crystal structures of 4 and 5 are depicted in Figures 2.8 and 2.10, 
respectively (see Table 2.4 and 2.5 for selected bond lengths and angles). 
 The coordination of AuI ions in 4 and 5 is nearly linear and the Au-P and 
Au-C bond lengths are similar to those observed for phosphine-gold(I)-
arylacetylides.15 The Me3P ligand in 5 are disordered over two positions and the 
corresponding P-Au-C angles are significantly bent (171.6(3)° and 164.1(5)° for 
P(1) and P(1AA)). The tetracenyl rings in the complexes are slightly curved. The 
C-C≡C linkage between the tetracenyl ring and the acetylide group is nearly linear 
in 4 (∠C-C≡C = 176.3(1)°) but is significantly bent in 5 (166.1(1)°). As a result of 
the distortion, the two acetylide groups and AuI ions are tilted slightly towards the 
longer end of the molecule.  
 The crystal structure of 4 shows neither intermolecular Au-Au interactions 
(shortest intermolecular Au-Au distance = 7.53(9) Å) nor π-π stacking. The 
tetracenyl rings are parallel to each other, forming a staircase-like array (Figure 
2.9). Two adjacent molecules are associated through C–H···π interaction 
involving the phenyl ring of PPh3 and the tetracenyl ring, which are nearly 
perpendicular to each other (dihedral angle = 88.8(7)°). The distance between the 




Figure 2.9 Ball-and-stick diagram of 4•3.5CHCl3, showing  edge-to-face interactions 
(dotted lines). Solvent molecules and H atoms are omitted for clarity. Color Scheme: 
Au (yellow), P (orange), C (grey). 
 
 
Figure 2.10 ORTEP plot of 5 (thermal ellipsoids drawn at 50% probability level). 
The Me3P disorders over two positions P(1) and P(1AA) with occupancies of 64 % 
and 36 %. Disordered PMe3 groups (P(1AA)) and H atoms are not shown for clarity. 




Table 2.5 Selected bond lengths (Å) and angles (deg) for 5. 
Bond lengths Bond angles 
Au(1)-P(1) 2.287(4) P(1)-Au(1)-C(1) 171.6(3) 
Au(1)-C(1) 1.968(8) C(2)-C(1)-Au(1) 173.9(8) 
C(1)-C(2) 1.243(14) C(1)-C(2)-C(6) 166.1(10) 
 
 It has been demonstrated that intermolecular aurophilic interactions 
between AuI-phosphine can be induced by reducing the bulkiness of the 
phosphine.5 Indeed, aurophilic attraction operates in the crystal of 5 in which the 
molecules are assembled into a honeycomb network with the tetracenyl rings and 









Figure 2.12 A hexagonal pore showing stacking of molecules at the nodes via 
aurophilic interactions. 
  
 The compound 5 was crystallized in rhombohedral R3m space group. The 
crystal is highly porous with open channels extending along the c-axis. No solvent 
molecule is found in the channels which are lined with the edges of the tetracenyl 
rings and have an estimated diameter of ~8 Å. The honeycomb pores can be 
constructed by iterative stacking of three layers of molecules (pink, blue and 




 The molecules in each layer are related by three-fold rotation and 
reflection, and those in different layers are connected through their Au ions at the 
nodes of the network (or the “vertices” of the hexagonal pore). Parallel to the c-
axis and passing through vertices alternately are the 31 and 32 screw axes. The 
gold atoms form right-handed (Δ or P) and left-handed (Λ or M) helices that 
wound around the 31 and 32 axes, respectively (Figure 2.13). The Au atoms in the 
helix are equally spaced with a Au-Au distance of 3.26(8) Å which falls into the 
range for aurophilic contacts.17 The Au-Au-Au angle is 134.2(3)o. Zig-zag gold 
chains sustained by aurophilic interactions are known but most of them display 
alternate Au-Au bond distances.18 The present compound is a rare example of 
undistorted helical gold chain. 
 
 
Figure 2.13 a) Right-handed and b) left-handed Au helices. 
 
 A gold atom in the helix is separated from the C≡C bond coordinated to its 
adjacent gold atom by a distance of 3.42(9) Å, which is too long for any 
significant AuI-acetylide interactions.19 The network is therefore sustained mainly 
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if not solely by aurophilic interactions. Au-Au attraction accounts for many novel 
solid state assemblies of AuI complexes but to our knowledge there is no example 
of honeycomb structure arising from the metallophilic interaction. Metal-organic-
based honeycomb frameworks are known,20 and they are usually assembled by 
stacking of hexagonal sheets which are conjoined by metal-ligand coordination or 
intermolecular association (i.e. π-π stacking)20b of individual molecules. The 
honeycomb network of 5 is distinctly different as it arises from the Au-Au bonding 
between layers but the molecules in each layer are not connected by covalent or 
any secondary bonding. The tetracenyl rings stacking along the central axis of the 
helix are widely separated by 7.6 Å. Each tetracenyl ring is surrounded by four 
neighboring rings with an angular separation of 60o. 
 
2.2.3 Electronic Absorption Spectroscopy  
The UV-visible spectra of the complexes are shown in Figure 2.14 and 2.15. 
The absorption spectroscopic data are summarized in Table 2.6. The absorption 
spectra display a moderately intense vibronic band in 400 – 550 nm for 1 (λmax = 498 
nm, εmax = 1.10×104 M-1cm-1) and 2 (λmax = 512 nm, εmax = 0.70×104 M-1cm-1) and in 
450 – 620 nm for 4 (λmax = 553 nm, εmax = 3.11×104 M-1cm-1), 5 (λmax = 552 nm, εmax 
= 2.23×104 M-1cm-1) and 6a (λmax = 572 nm, εmax = 2.62×104 M-1cm-1). The vibronic 
spacings are ~ 1300 – 1400 cm-1 which are of the same order of magnitude as the 
frequency of C=C stretching in aromatic molecules. Vibronic bands are commonly 
observed for the π→π* transitions of aromatic molecules,21 and in fact, absorption 
bands with similar intensities, vibronic spacings and shapes are found in the spectra of 
the parental tetracene and 3. Accordingly, the vibronic band is assigned to the lowest 
energy singlet π→π* (1Ag→1B1u) transition in the tetracenyl ring, which is also 
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known as 1La band in Platt’s notation.22 Because of mixing of orbitals of tetracene and 
the metal ions (and ethynyl groups in 4 – 6a), the transitions in the metalated tetracene 
is largely but not entirely tetracene-based. But for the sake of clarity, the absorption 
band of the complexes is still labeled 1La in the following discussion.  
Noteworthy is another very intense band in 284 – 301 nm (ε = 9.69 – 
14.27×104 M-1cm-1), which is present in all the complexes. The band is assigned to 
1Ag→1B1u transition in the tetracenyl ring, which is also known as 1Bb band in Platt’s 
notation. The band is red-shifted from that of tetracene (1020 – 3000 cm-1). 
 
Table 2.6 Absorption spectroscopic data of the complexes. 
Complex 
1La Band/nm 
(ε, 104 M-1cm-1) 
1Lb Band/nm 
(ε, 104 M-1cm-1) 
1Bb Band/nm 
(ε, 104 M-1cm-1) 
1 498 (1.10), 467 (1.05), 441 
(0.56), 417 (0.22) (s) 
a 284 (11.52) 
2 512 (0.70), 481 (0.77), 455 
(0.48) 
a 287 (14.27) 
4 553 (3.11), 515 (2.01), 481 
(0.74), 453 (0.20) (s) 
370 (0.86), 352 
(2.32), 335 (1.43) 
295 (9.69) 
5 552 (2.23), 514 (1.56), 480 
(0.59), 453 (0.19) (s) 
368 (0.62), 348 
(1.90), 332 (1.29) 
297 (9.04) 
6a 572 (2.62), 532 (1.78), 498 
(0.67) (s) 
354 (1.38), 336 
(1.20) 
301 (10.76) 






































Figure 2.14 Absorption spectra of tetracene (purple), 1 (black) and 2 (organge) 






































Figure 2.15 Absorption spectra of 3 (red), 4 (blue), 5 (green) and 6a (brown) in 




Apart from the 1La and 1Bb bands, the spectra of 3 – 6a display another intense 
vibronic band in 320 – 400 nm, which is too intense (εmax = 1.38 – 2.32×104 M-1cm-1) 
to be a triplet component of a high energy singlet excited state and is tentatively 
assigned to the 1Lb band which arises from the pseudo-parity forbidden 
1Ag→ −2u1B transition.21, 23  Recent work on the spectroscopy of metalated anthracene 
and pyrene showed that perturbations of metal ions can lead to the intensification of 
the 1Lb band.24 As no distinct 1Lb band is observed in the spectra of 1 and 2, it is 
reasonable to assume that the metalated ethynyl groups in 4 – 6a have stronger 
perturbations on the electronic structure of tetracence than the metal ions alone in 1 
and 2.  
 The most notable feature of the spectra of the complexes is significant red-
shift of the 1La bands from that of tetracene which follows the order of 1 (1100 cm-1) 
< 2 (1700 cm-1) < 4 ~ 5 (3000 cm-1) < 6a (3700 cm-1). The red-shift is due to the 
perturbation of the metal ions and the metalated ethynyl groups on the tetracenyl ring. 
In first order approximation, the 1La band arises from HOMO→LUMO of the 
tetracene, the energy of which can be lowered by destabilization of the HOMO and/or 
stabilization of the LUMO.1a, 1b As both the HOMO and the LUMO are π-symmetric, 
they should be more susceptible to the influence of π-interactions with the 
substitutents. Notably, the compounds 4 – 6a exhibit a larger red-shift than 3, 
indicating that the metal ions have stronger perturbation than the Si(iPr)3 group. 
Unlike the Si(iPr)3 group, which can only act as a π-acceptor, the metal ions can be 
both π-donating and π-accepting. The stronger perturbations observed for the metal 
ions suggest the importance of the metal-to-tetracene π-donation in influencing the 
energy of the 1La band. Notably, the 1La bands of the PtII-complexes 2 and 6a are 
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lower in energy than the corresponding AuI complexes 1, and 4 and 5. Previous 
studies24c also showed that the energy of 1La band of trans-Br(PEt3)2PtII-pyrene is 
lower than that of Ph3PAuI-pyrene. The X(PEt3)2PtII group (X = Br or I) has stronger 
perturbations than the R3PAuI group (R = Ph or Me) is possibly because it is a 
stronger π-donor with the electron-donating PEt3 and Br-/I- ion. Anthony25 first 
demonstrated that attaching substituted ethynyl groups X’-C≡C- (X’ = substituent i.e. 
Si(iPr)3) to C5 and C12 positions of tetracene can red-shift its absorption and 
fluorescence. It is noted that the substituent that causes the largest red-shift is X’ = 4-
(N,N’-diethylamino)phenyl (emission maxima = 643 nm) which is mainly π-donating.  
 
2.2.4 Emission Spectroscopy  
The solution emission spectra of the complexes are shown in Figure 2.16 and 
2.17. The emission spectroscopic data are summarized in Table 2.7. The excitation 
wavelengths were chosen at 420 nm and 490 nm to reduce the inner filter effect. The 
emission bands show shoulders with vibronic spacing of ~1200 cm-1. The metalated 
tetracenyldiacetylides 4, 5, 6a are ≥10 times more emissive than the metalated 
tetracene 1 and 2. Similar to the 1La bands, the emissions are red-shifted from that of 
tetracene. The emission energy follows the order of tetracene > 1 > 2 > 3 > 4 ~ 5 > 6a 
and the fluorescence color changes from blue (tetracene) to yellow (1, 2, 3) and 
orange (4, 5) and red (6a) (Figure 2.18). The small Stokes shift (350 – 770 cm-1) and 
short emission liftetimes (0.5 – 8.6 ns) suggests the emission is fluorescence arising 
from the 1La excited state. The complex 6a displays the largest red-shift of 4260 cm-1 
(0.53 eV) from that of tetracene. In addition to the perturbations of the π-donating 
I(Et3P)2PtII groups, the red-shift could be caused by mixing of the 1La ππ* excited 
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state and ligand(π-orbital of iodide)-to-ligand(π*-orbital of tetracene)-charge-transfer 
excited state.  
 
Table 2.7 Emission spectroscopic data of the complexes. 









1 509 0.5 0.05 573 
2 532 3.9 0.06 582 
4 563 5.4 0.85 614 
5 562 5.5 0.73 a 
6a 596 8.6 0.60 642 
a Not emissive in the solid state 
 






















Figure 2.16 Emission spectra of tetracene (purple), 1 (black) and 2 (orange) in 
THF at room temperature. The excitation wavelength is 420 nm. #The band is due 



























Figure 2.17 Emission spectra of 3 (red), 4 (blue), 5 (green) and 6a (brown) in 




Figure 2.18 A photograph showing the red-shift of emission colors of the metalated 
tetracenes and tetracenyldiacetylides (from left to right: Tetracene, 1, 2, 3, 4, 5, 6a). 
 
 
 Solid State Emission Crystals of 1, 2, and 4 and powders of 6a are emissive 
at room temperature. Their solid state emission spectra are shown in Figure 2.19 and 
2.20. The solid emission energies of the complexes are all slightly red-shifted from 
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the corresponding solution emissions by 1200 – 2200 cm-1. The order of emission 
energies are 1 > 2 > 4 > 6a. Surprisingly, crystal of 5 is virtually non-emissive, 
despite the strong solution luminescence. The cause of the emission quenching is not 
certain but it is probably due to the special orientation of the tetracenyl rings in the 
crystal of 5. As mentioned, the fluorescence of the complexes comes from the 1La 
excited state arising from 1Ag→1B1u transition, which is polarized along the long axis 
of the tetracene ring. Although the perturbations of the substituents would introduce a 
short-axis component to the overall transition moment, the major component should 
still lie along the long-axis.26 The crystal packings of 1, 2 and 4 show that the long 
axes of the tetracenyl rings are parallel, i.e. the dihedral angle between the transition 
moments is 0°, which does not lead to exciton coupling. On the other hand, the angle 
between the transition moments of two adjacent tetracenyl rings is ~60° in the crystal 
of 5 which is close to 70° for maximal exciton coupling between two neighboring 
chromophores.27 In addition, each tetracenyl ring in 5 is surrounded by four tetracenyl 
rings. It is therefore possible that the exciton migration is efficient in the crystal of 5, 
leading to rapid transfer excitation energy to nonradiative traps present in the crystal. 
Exciton migration has been suggested to be the reason for the quenching of the solid 
state emission of one crystal form of NO2-4-C6H4-C≡C-Au-PCy3 (Cy = cyclohexyl) in 
which the dihedral angle between the transition moments of two neighboring 
molecules is 79°.4a 
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Figure 2.19 Solid state emission spectra of 1 (black) and 2 (red) at room 
























Figure 2.20 Solid state emission spectra of 4 (blue) and 6a (brown) at room 




2.3 Conclusion  
 In this Chapter, two synthetic entries to σ-metallotetracenes were explored. 
Spectroscopic study shows that auration and platination of tetracene and 
tetracenyldiacetylide can change the photophysical properties of the organic 
chromophore; particularly, metalation lead to significant red-shift of the 1La 
absorption band and the corresponding fluorescence. The X(Et3P)2PtII group (X = 
Br, I) has greater perturbations on the electronic structure of tetracene than the 
R3PAuI group, possibly due to its stronger π-donation. The σ-metallotetracenes 
also exhibit different assemblies of tetracenyl rings in their crystal. The typical 
herringbone structure is only observed in the crystal of Ph3PAuI-tetracene. An 
interesting result is that the crystal of (Me3PAuI)2-tetracenyldiacetylide exhibits a 
honeycomb network which is mainly supported by aurophilic interactions. The 
finding highlights the potential of secondary interactions such as hydrogen 
bonding and metallophilicty in controlling the patterning of tetracenyl rings in 
solid state.  
 
2.4 Experimental Section 
2.4.1 General Methods  
All syntheses were carried out in a N2 atmosphere. All the solvents used for 
synthesis and spectroscopic measurements were purified according to the literature 
procedures. Pt(PEt3)4,28 trans-Pt(PEt3)2I2,29 Ph3PAuCl,30 Me3PAuCl,8b 5-
bromotetracene31 and 5,12-bis(triisopropylsilylethynyl)tetracene25 were prepared 





2.4.2 Physical Methods  
Electronic Absorption and Emission     The UV/vis absorption and emission 
spectra of the complexes were recorded on a Hewlett-Packard HP8452A diode array 
spectrophotometer and a Perkin-Elmer LS-50D fluorescence spectrophotometer, 
respectively. Rhodamine 640 (also known as rhodamine 101)32 was used as a standard 
in measuring the emission quantum yields. Emission lifetimes were recorded on a  
Horiba Jobin-Yvon Fluorolog FL-1057 fluorometer.  
1H and 31P{1H} NMR   NMR experiments were recorded on a Bruker ACF 
300 spectrometer. 1H-1H COSY spectra were recorded on a Bruker DRX500 NMR 
spectrometer with 5mm Cryo TXI Probe. All chemical shifts are quoted relative to 
SiMe4 (1H) or 85% H3PO4 (31P).  
Mass Spectrometry and Elemental Analysis    Electrospray ionization mass 
spectra (ESI-MS) were measured on a Finnigan MAT 731 LCQ spectrometer. Fast 
atom bombardment mass spectra (FAB-MS) were measured on a Finnigan MAT 95 
XL-S spectrometer (Cs gun, matrix: 3-nitrobenzyl alcohol). Elemental analyses of the 
complexes were carried out in the microanalysis laboratory in the Department of 
Chemistry at National University of Singapore. 
X-ray Crystallography The diffraction experiments were carried out on 
a Bruker AXS SMART CCD 3-circle diffractometer with a sealed tube at 223K using 
graphite-monochromated Mo Kα radiation (λ  = 0.71073 Å). The softwares33 used 
were: SMART for collecting frames of data, indexing reflection and determination of 
lattice parameters; SAINT for integration of intensity of reflections and scaling; 
SADABS33b for empirical absorption correction; and SHELXTL for space group 
determination, structure solution and least-squares refinements on |F|2. Anisotropic 
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thermal parameters were refined for rest of the non-hydrogen atoms. The hydrogen 
atoms were placed in their ideal positions.  
Some of the ethyl groups in 2 have large thermal motion, resulting in the 
observed shorter C-C bonds. The Me3P ligand in 5 is disordered into two positions 
with 0.64 and 0.36 occupancies. There are some residual peaks in the voids of the 
crystal, but the peak heights are too low and do not fit any definite solvent. 
2.4.3 Preparations 
Synthesis of Ph3PAuI-tetracene (1) To a stirred solution of 5-bromotetracene 
(143 mg, 0.46 mmol) in freshly distilled THF (25 mL) was added 0.32 ml (0.5 mmol) 
of 1.6 M n-BuLi at -78o. Upon stirring for 2 h, 231mg (0.46 mmol) of Ph3PAuCl was 
added to the resulting deep red solution. The mixture was warmed to room 
temperature and then stirred for 12 h. After the solvent was reduced, excess hexane 
was added and the precipitate was filtered off. Needle-like crystals were obtained 
from the filtrate upon evaporation of the solvents. Yield: 31 mg, 10%. X-ray-quality 
crystals of 1 were grown by slow evaporation of acetonic solution. Anal. Calcd (%) 
for 1 (C36H26AuP): C, 62.98; H, 3.82. Found: C, 63.20; H, 3.77. 1H NMR (300 MHz, 
CDCl3) δ 9.51 (s, 1H, H6), 8.81 (m, 1H, H4), 8.63 (s, 1H, H12), 8.49 (s, 1H, H11), 7.99-
7.82 (m, 3H, H1,7,10), 7.80-7.75 (m, 6H, Ph), 7.58-7.55 (m, 9H, Ph), 7.34-7.30 (m, 4H, 
H2,3,8,9). 31P {1H} NMR (121.5 MHz, CDCl3) δ 45.62 (s). FAB-MS: m/z 686.1 [M]+. 
Synthesis of cis-[Br(Et3P)2PtII]-tetracene (2) To a toluene solution (20mL) 
of Pt(PEt3)4 (172 mg, 0.26 mmol) was added 5-bromotetracene (49 mg, 0.16 mmol). 
The resulting solution was stirred overnight and orange precipitate occurred. The solid 
was filtered and washed by cold toluene and ether. Yield: 60 mg, 51%. Slow 
evaporation of acetonic solution of 2 afforded orange-red crystals suitable for X-ray 
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crystallography study. Anal. Calcd (%) for 2 (C30H41PtP2Br): C, 48.79; H, 5.60. 
Found: C, 48.66; H, 5.36. 1H NMR (300 MHz, CDCl3) δ 9.63 (s, 1H, H6), 8.85 (d, J = 
8.2 Hz, 1H, H4), 8.55 (s, 1H, H12), 8.33 (s, 1H, H11), 7.94-7.84 (m, 3H, H1,7,10), 7.28-
7.23 (m, 4H, H2,3,8,9), 2.28-2.23 (m, 6H, PCH2CH3), 1.47-1.34 (m, 15H, PCH2CH3, 
PCH2CH3), 0.89-0.79 (m, 9H, PCH2CH3). 31P {1H} NMR (121.5 MHz, CDCl3) δ 8.96 
(d, 2JP-P = 17.8 Hz, 1JPt-P = 1580 Hz, Ptrans), 2.94 (d, 2JP-P = 17.8 Hz, 1JPt-P = 4070 Hz, 
Pcis). ESI-MS: m/z 739 [M+H]+.   
Synthesis of (Ph3PAuI)2-Tetracenyldiacetylide (4) To a solution of 5,12-
bis(triisopropylsilylethynyl)tetracene (111 mg, 0.188 mmol) in THF (10 mL) was 
added 2 mL of EtOH  and a solution of Bu4NF (238 mg, 0.754 mmol) in THF (10 
mL) with stirring at room temperature over 1 h in the absence of light. The mixture 
was diluted with 50 ml Et2O, washed with water, and dried over MgSO4. The solvent 
was removed under reduced pressure. The resulting red solid was immediately used in 
the next step without further characterizations. A solution of 5,12- 
tetracenyldiacetylene in CH2Cl2 (15 ml) was treated with 5 ml methanolic solution of 
MeONa (122 mg, 2.261 mmol) and a solution of Ph3PAuCl in CH2Cl2/MeOH (1:3, 
20ml). The mixture was stirred at room temperature overnight. Upon evaporation to 
dryness, the solid residue was extracted with CH2Cl2. The addition of Et2O afforded 
the purple solid. Yield: 120 mg, 53%. X-ray-quality crystals of 4 were obtained from 
CHCl3/isooctane at -20oC. Anal. Calcd (%) for 4 (C58H40Au2P2): C, 58.40; H, 3.38. 
Found: C, 58.01; H, 3.47. 1H NMR (300 MHz, CDCl3) δ 9.50 (s, 2H, H6,11), 8.88 (dd, 
J = 3.3, 6.9 Hz, 2H, H1,4), 8.11 (dd, J = 3.3, 6.7 Hz, 2H, H7,10), 7.70-7.44 (m, 32H, 
H2,3, Ph), 7.37 (dd, J = 3.3, 6.7 Hz, 2H, H8,9). 31P {1H} NMR (121.5 MHz, CDCl3) δ 
42.94 (s). FAB-MS: m/z 1192.3 [M]+. 
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Synthesis of (Me3PAuI)2-Tetracenyldiacetylide (5) To a solution of 5,12-
bis(triisopropylsilylethynyl)tetracene (190 mg, 0.322 mmol) in THF (10 mL) was 
added 2 mL of EtOH  and a solution of Bu4NF (400 mg, 1.268 mmol) in THF (10 
mL) with stirring at room temperature over 1 h in the absence of light. The mixture 
was diluted with 50 ml Et2O, washed with water, and dried over MgSO4. The solvent 
was removed under reduced pressure. The resulting red solid was immediately used in 
the next step without further characterizations. A solution of 5,12-
tetracenyldiacetylene in CH2Cl2 (15 ml) was treated with 10 ml methanolic solution of 
MeONa (35 mg, 1.521 mmol) and a solution of Me3PAuCl in CH2Cl2/MeOH (1:1, 
30ml). The mixture was stirred at room temperature overnight. Upon evaporation to 
dryness, the solid residue was extracted with CH2Cl2. The addition of Et2O afforded 
the purple solid.  Yield: 120 mg, 46%. Crystals of 5 were grown by slow diffusion of 
Et2O into a CH2Cl2/CH3CN solution at room temperature. Anal. Calcd (%) for 5 
(C28H28Au2P2): C, 40.99; H, 3.44. Found: C, 40.56; H, 3.50. 1H NMR (300 MHz, 
CDCl3) δ 9.44 (s, 2H, H6,11), 8.80 (dd, J = 3.1, 6.7 Hz, 2H, H1,4), 8.09 (dd, J = 3.1, 6.6 
Hz, 2H, H7,10), 7.43 (dd, J = 3.1, 6.7 Hz, 2H,  H2,3), 7.36 (dd, J = 3.1, 6.6 Hz, 2H, 
H8,9), 1.62 (d, 2JHP = 10 Hz, 18H, CH3). 31P {1H} NMR (121.5 MHz, CDCl3) δ 1.58 
(s). FAB-MS: m/z 820.2 [M]+. 
Synthesis of trans-[I(Et3P)2PtII]2-Tetracenyldiacetylide (6a) trans-
Pt(PEt3)I2 (2 g, 2.9 mmol) was dissolved in toluene (50 ml) containing CuI (10 mg, 
0.05 mmol) and HNEt2 (10 mL). To this mixture was added a solution of 5,12- 
tetracenyldiacetylene (140 mg, 0.51 mmol) in 100 ml toluene. The reaction mixture 
was stirred overnight at room temperature and the solvent was then removed under 
reduced pressure. The purple product was isolated from column chromatography 
(silica gel, 20 cm × 4 cm column, hexane/dichromethane 8:3, v/v). Yield: 400 mg, 
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56%. Anal. Calcd (%)  for 6 (C46H70I2P4Pt2): C, 39.72; H, 5.07. Found: C, 40.15; H, 
5.17. 1H NMR (300 MHz, CDCl3) δ 9.34 (s, 2H, H6,11), 8.69 (dd, J = 3.1, 6.8 Hz, 2H, 
H1,4), 7.96 (dd, J = 3.3, 6.6 Hz, 2H, H7,10), 7.42-7.37 (m, 4H, H2,3,8,9), 2.27-2.22 (m, 
24H, PCH2CH3), 1.33-1.18 (m, 36H, PCH2CH3). 31P{1H} NMR (121.5 MHz, CDCl3) 
δ 9.57 (s, 1JPt-P = 2323 Hz). ESI-MS: m/z 1389.2, [M]+. 
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Auxiliary Ligand Effect on Luminescence Properties of  
Platinum(II) Organometallic Complexes of  Tetracenyldiacetylide 
 
3.1 Introduction 
The results in Chapter 2 showed that attaching gold(I) or platinum(II) ions to 
tetracene and tetracenyldiacetylide could lower the fluorescence energy up to 0.53 eV.  
In line with another study on platinated and aurated pyrenes,1 it is also displayed that 
PtII ion has stronger perturbation on the electronic structures of the PAHs than the 
more electrophilic AuI ion. The finding prompts us to search for other routes to 
further lower fluorescence energy of the tetracene core. It is envisioned that the iodide 
ions of 6a which can take part in various chemical modifications may offer another 
way to further tune the photophysical properties of tetracene core. 
Investigation of the effect of auxiliary ligands or substituents proved an 
effective way to attain desired photophysical properties of chromophores.2 For 
instance, various tris- and bis-cyclometalated iridium(III) systems have been 
developed for OLED applications.3 Chemical modifications at the ligand sphere led to 
substantial improvements in device processability4 and efficiency.5 In addition, 
Eisenberg detailed a series of Pt(diimine)(dithiolate) complexes.6 By ligand variation, 
the excited-state energies of the complexes can be tuned up to 1 eV and emission 
lifetimes are in the range of 1 – 1000 ns. 
In this Chapter, a series of binuclear platinum(II) complexes of 5,12-
tetracenyldiacetylide with different auxiliary ligands are prepared. The sensitivity of 
their emission energies toward the auxiliary ligands is also investigated.
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3.2 Results and Discussion 
3.2.1 Syntheses and Characterizations 
  Synthetic pathways for the compounds 7 – 11 and 13 – 16 are given in 
Scheme 3.1 and 3.2, respectively. All the complexes were prepared from a precursor 
complex 6a. The compound 12 was prepared in situ from halide abstraction with 
AgOTf and served as intermediate for the generation of the complexes 7, 8 and 13-15. 
Following addition of (n-C12H21)4NBr and (n-C4H9)4NCl to 12 and precipitation by 
MeOH afforded red solids of 7 and 8. Similarly, the addition of PPh3, PEt3 and 
































































complexes 9 and 10 were obtained from substitution of the iodide ions in 6a by 
phenylthiolate and phenylselenolate in the presence of a base (NEt3). The complex 11 
was prepared from Sonogashira coupling of 6a and phenylacetylene. Facile 
substitution of iodides in 6a with 2,6-xylyl isonitrile in acetonitrile followed by anion 















































The complexes 9 – 11, 13 – 15 were fully characterized by ESI-MS, FAB-MS, 
1H NMR, 31P{1H} NMR and X-ray crystallography (Appendix A.8 – A.13b and C.3 – 
C.5). Attempts to obtain single crystals suitable for X-ray crystallography of 7, 8 and 
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16 failed. However, high resolution ESI-MS spectra clearly confirm the proposed 
formulations of respective complexes. Indeed, the ESI-MS spectra of 7 and 8 (Figure 
3.1 and 3.2) display cluster peaks centered at m/z 1296.0 and 1208.1 which are 
assignable to the singly charged species [7]+ and [8]+, respectively. The spectrum of 
16 (Figure 3.4) exhibited molecular peak centered at m/z 699.3 with interval ∆m/z = ½ 
which are attributable to the doubly charged fragment [16 – 2OTf]2+. Noteworthy is 
the ESI-MS spectrum of the compound 10 (Figure 3.3) showing an intriguing 
molecular peak corresponding to [10]+. The isotopic pattern of the peak spans a wide 
range of ~1440 – 1460 (m/z). It is in line with the fact that the complex 10 contains 
platinum and selenium which have various isotopes with rich abundances. All the 
isotopic patterns of the complexes 7 – 11, 13 – 16 are nearly identical to theoretically 
calculated ones. 
 







































Figure 3.4 (a) ESI-MS cluster peak for [16-2OTf]2+. (b) Simulated isotopic 

















                                  
a121.5 MHz in CDCl3 at 300K 
Table 3.1 Summary of the 31P{1H} NMR data of the complexes.a 
 
Chemical shifts (ppm) 
Coupling constant (Hz)  
1JPt-P 2JP-P 
6a 9.57 2323  
7 13.54 2360  
8 15.96 2388  
9 13.29 2412  
10 10.80 2392  











15 16.50 2320  
16 17.31 2068  
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The 1H NMR spectra of the complexes exhibit the same pattern of tetracene 
proton  signals which include one singlet (H6,11), two double doublets (H1,4 and H7,10) 
and a multiplet arising from the overlap of the two double doublets for H2,3 and H8.9, 
thus indicating a C2v symmetry of the complexes in solution. The 31P{1H} NMR data 
for the complexes 6a – 11, 13 – 16 are given in Table 3.1. The 31P{1H} NMR spectra 
of all the complexes except 13 and 14 show sharp singlets with 195Pt satellites. The 
1JPt-P coupling constants are in the range of 2068 – 2412 Hz, typical for compounds 
containing trans-Pt(PEt3)2 moiety.7 Interestingly, the spectra of 13 and 14 display a 
doublet and a triplet with intensity ratio 2:1 which are ascribable to the two PEt3 
groups (P2) and the auxiliary phosphine ligands (P1) (PPh3 in 13 and PEt3 in 14) 
(Figure 3.5). The phosphine groups are in cis configurations which are confirmed by 
typical values of 2JP-P (22 and 24 Hz).8 The results clearly indicate no phosphine 
scrambling for the complex 13 and 14 in solution. 

















3.2.2 X-ray Crystal Structures 
X-ray quality crystals have been obtained for all the complexes except 7, 8 and 
16. The crystal data and structure refinement details for the complexes are given in 
Appendix C, Table C.3 – C.5. Their solid-state structures and packing have been 
investigated by single-crystal X-ray crystallography and are shown in Figure 3.6 – 
3.15. Selected bond lengths and angles are given in Table 3.3 – 3.8. The structures are 
consistent with mass spectrometry and NMR data. Single crystals of 9, 10 and 11 
were obtained by layering solutions in THF or CH2Cl2 with MeOH, whereas single 
crystals of 13 – 15 were obtained by vapor diffusion of Et2O into solutions in acetone 
or CH2Cl2. All the crystals are deep red in color. 
The PtII centers in all the complexes show distorted square planar geometry. 
The C-Pt-P and P-Pt-X angles (X is the donor atom of the auxiliary ligand) are in the 
ranges of 79.9(3)o – 94.70(15)o and 85.25(19)o – 102.59(13)o, respectively. The two 
triethylphosphine groups are in trans configuration with P1-Pt-P2 angles slightly 
deviated from linearity (P1-Pt-P2 = 160.97(10)o – 178.46(5)o). The Pt-P bond lengths 
(2.248(6) – 2.407(7) Å) are normal for Pt(II)-phosphine compounds.7c, 9 
The Pt ions in 13 and 14 show greater deviations from ideal square planar 
geometry. It might be due to the steric repulsion between the two PEt3 groups and the 
auxiliary phosphine ligands (PPh3 in 13 and PEt3 in 14). Consequently, the Et3P-Pt-
PEt3 linkages in the two complexes bend toward tetracenyl ring (P1-Pt-P2 angle = 
164.19(4)° in 13, = 160.97(10)o and 162.75(9)o in 14). Similarly, the Pt-PEt3 bond 
lengths (2.326(3) – 2.360(3) Å) are slightly longer than Pt-P bonds in the other 
complexes. The Pt-PPh3 and Pt-PEt3 bond distances are 2.3170(11) Å and 2.319(3) Å, 
falling in the typical ranges of Pt-PPh3 and Pt-PEt3 bond lengths.10 Despite different 
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electronic properties of the auxiliary ligands, the Pt-C(acetylide) distances in the 
complexes are rather similar (1.93(3) – 2.012(8) Å). The Pt-X bond distances are 
normal.11  
In all the complexes, the tetracene rings are almost planar. Having a closer 
inspection, some slight twists can be observed. The end-to-end twist angles are in the 
range of 1.9o – 7.2o.12 Table 3.2 shows the dihedral angles between coordination 
planes and between coordination plane and the tetracenyl ring. It is noted that only in 
9 the aromatic ring and the coordination plane are almost perpendicular to each other 
(dihedral angle = 87.08o and 87.85o). In other complexes, the dihedral angles are in 
the range of 64.02o – 78.19o, indicating tilted arrangements between them. In 13, the 
coordination planes of the two Pt ions are parallel to each other and make a dihedral 
angle of 75.68° with the central tetracenyl ring. The coordination planes in 9 and 10 
are slightly staggered (dihedral angle = 7.26o and 7.88o, respectively). On the other 
hand, the two coordination planes in 15 are largely staggered (dihedral angle = 53.17o) 
and form the same angle with the aromatic rings (dihedral angle = 64.02o). It is in 
agreement with the fact that the compound possesses a two-fold axis of symmetry 
along the long axis of tetracenyl ring.  
 
Table 3.2 Dihedral angles between coordination planes of [Pt1] and [Pt1A/Pt2] and 
mean planes of tetracene ([T]). 
Dihedral angle [Pt1] – [T] [Pt1A/Pt2] – [T] [Pt1] – [Pt1A/Pt2] 
9 87.08 87.85 7.26 
10 65.94 64.68 7.88 
11 64.77 74.72 13.92 
13 75.68 75.68 0.00 
14 78.19 65.08 38.61 




Figure 3.6 ORTEP plot of 9 (thermal ellipsoids drawn at 30% probability level). H 





Table 3.3 Selected bond lengths (Å) and angles (deg) of 9. 
Bond lengths  Bond angles  
Pt(1)-C(1)  1.99(3) C(1)-Pt(1)- S(1) 168.8(10) 
Pt(1)-S(1) 2.350(4) P(1)-Pt(1)-P(2) 174.84(19) 
Pt(1)-P(1)  2.305(5) C(1)-Pt(1)-P(2) 88.8(11) 
Pt(1)-P(2) 2.283(5) S(1)-Pt(1)-P(2) 91.2(2) 
  S(1)-Pt(1)-P(1) 92.13(19) 
  C(1)-Pt(1)-P(1) 87.1(11) 
  C(1)-C(2)-C(5) 172(4) 
Pt(1A)-C(4) 1.97(3) C(4)-Pt(1A)-S(1A) 173.9(11) 
  C(4)-Pt(1A)-P(1A) 89.9(10) 
  C(4)-Pt(1A)-P(2A) 87.2(10) 




Figure 3.7 ORTEP plot of 10 (thermal ellipsoids drawn at 30% probability level). H 
atoms are not shown for clarity. Color Scheme: Pt (green), P(orange), C (grey), Se 
(light purple). 
 
Table 3.4 Selected bond lengths (Å) and angles (deg) of 10. 
Bond lengths  Bond angles  
Pt(1)-C(1)  1.93(3) C(1)-Pt(1)- Se(1) 174.7(9) 
Pt(1)-Se(1) 2.473(5) P(1)-Pt(1)-P(2) 171.5(3) 
Pt(1)-P(1)  2.383(6) C(1)-Pt(1)-P(2) 88.4(11) 
Pt(1)-P(2) 2.248(6) Se(1)-Pt(1)-P(2) 89.8(2) 
  Se(1)-Pt(1)-P(1) 93.6(2) 
  C(1)-Pt(1)-P(1) 87.6(11) 
  C(1)-C(2)-C(5) 178(3) 
Pt(1A)-C(4)  1.96(2) C(4)-Pt(1A)- Se(1A) 175.6(11) 
Pt(1A)-Se(1A) 2.517(5) P(1A)-Pt(1A)-P(2A) 163.4(3) 
Pt(1A)-P(1A)  2.260(7) C(4)-Pt(1A)-P(2A) 90.4(11) 
Pt(1A)-P(2A) 2.407(7) Se(1A)-Pt(1A)-P(2A) 85.25(19) 
  Se(1A)-Pt(1A)-P(1A) 95.5(2) 
  C(4)-Pt(1A)-P(1A) 88.5(10) 




Figure 3.8 ORTEP plot of 11 (thermal ellipsoids drawn at 50% probability level). H 




Table 3.5 Selected bond lengths (Å) and angles (deg) of 11. 
Bond lengths Bond angles 
Pt(1)-C(1)  2.000(5) C(1)-Pt(1)-C(8) 177.8(2) 
Pt(1)-C(8) 2.001(5) P(1)-Pt(1)-P(2) 178.46(5) 
Pt(1)-P(1)  2.3004(14) C(1)-Pt(1)-P(2) 85.59(16) 
Pt(1)-P(2) 2.3019(15) C(8)-Pt(1)-P(2) 92.29(16) 
  C(8)-Pt(1)-P(1) 87.43(16) 
  C(1)-Pt(1)-P(1) 94.70(15) 
  C(1)-C(2)-C(5) 178.4(6) 
Pt(2)-C(4)  1.982(5) C(4)-Pt(2)-C(6) 176.1(2) 
Pt(2)-C(6) 1.999(5) P(4)-Pt(2)-P(3) 175.08(5) 
Pt(2)-P(4)  2.2960(14) C(4)-Pt(2)-P(4) 92.47(15) 
Pt(2)-P(3) 2.3066(15) C(4)-Pt(2)-P(3) 86.53(15) 
  C(6)-Pt(2)-P(4) 86.46(15) 
  C(6)-Pt(2)-P(3) 94.85(15) 




Figure 3.9 ORTEP plot of 13•2CH2Cl2 (thermal ellipsoids drawn at 50% probability 
level). H atoms, the anions, solvent molecules, and disordered part of tetracene are not 
shown for clarity. Color Scheme: Pt (green), P (orange), C (grey). 
 
 
Table 3.6 Selected bond lengths (Å) and angles (deg) of 13•2CH2Cl2. 
Bond lengths  Bond angles  
Pt(1)-C(1)  1.987(5) C(1)-Pt(1)-P(5) 171.83(15) 
Pt(1)-P(1) 2.3347(13) P(1)-Pt(1)-P(2) 164.19(4) 
Pt(1)-P(2)  2.3450(12) C(1)-Pt(1)-P(2)  81.53(14) 
Pt(1)-P(5) 2.3170(11) P(5)-Pt(1)-P(2) 95.54(4) 
  C(1)-Pt(1)-P(1) 82.68(14) 
  P(1)-Pt(1)-P(5) 100.22(4) 




Figure 3.10 ORTEP plot of 14•0.5C3H6O•H2O (thermal ellipsoids drawn at 30% 
probability level). The anions, solvent molecules and H atoms are not shown for 
clarity. Color Scheme: Pt (green), P (orange), C (grey). 
 
Table 3.7 Selected bond lengths (Å) and angles (deg) of 14•0.5C3H6O•H2O. 
Bond lengths  Bond angles  
Pt(1)-C(1)  1.999(9) C(1)-Pt(1)-P(5) 176.3(3) 
Pt(1)-P(2) 2.360(3) P(1)-Pt(1)-P(2) 160.97(10) 
Pt(1)-P(1)  2.338(3) C(1)-Pt(1)-P(2) 79.9(3) 
Pt(1)-P(5) 2.319(3) P(5)-Pt(1)-P(2) 96.36(13) 
  C(1)-Pt(1)-P(1) 81.1(3) 
  P(1)-Pt(1)-P(5) 102.59(13) 
  C(1)-C(2)-C(5) 174.0(10) 
Pt(2)-C(4)  2.012(8) C(4)-Pt(2)-P(6) 172.9(2) 
Pt(2)-P(3) 2.326(3) P(3)-Pt(2)-P(4) 162.75(9) 
Pt(2)-P(4)  2.343(2) C(4)-Pt(2)-P(4) 81.5(2) 
Pt(2)-P(6) 2.320(2) P(3)-Pt(2)-P(6) 101.18(9) 
  C(4)-Pt(2)-P(3) 82.6(2) 
  P(4)-Pt(2)-P(6) 95.37(8) 




Figure 3.11 ORTEP plot of 15•2CH2Cl2 (thermal ellipsoids drawn at 50% probability 
level). The anions, solvent molecules and H atoms are not shown for clarity. Color 
Scheme: Pt (green), P (orange), C (grey), N (light blue). 
 
 
The tetracenyl rings of the complexes are parallel and widely separated 
(interplanar separation > 6 Å); hence no face-to-face interactions between them are 
observed. Notably, C-H···π interactions between the hydrogen atoms of ethyl group 
(donor) and the aromatic ring (acceptor) are always present in the crystal packing of 
the complexes.13 Figure 3.12 represents a typical arrangement of the contact. The 
hydrogen atoms of ethyl groups point towards various parts of the aromatic rings such 
 Table 3.8 Selected bond lengths (Å) and angles (deg) of 15•2CH2Cl2. 
Bond lengths  Bond angles  
Pt(1)-C(1)  1.951(5) C(1)-Pt(1)-N(1) 177.30(19) 
Pt(1)-P(1) 2.3172(12) P(1)-Pt(1)-P(2) 175.33(5) 
Pt(1)-P(2)  2.3170(12) C(1)-Pt(1)-P(1) 90.10(15) 
Pt(1)-N(1) 2.086(4) N(1)-Pt(1)-P(1) 91.39(11) 
  C(1)-Pt(1)-P(2) 86.15(15) 
  N(1)-Pt(1)-P(2) 92.47(11) 
  C(1)-C(2)-C(5) 175.1(5) 
69 
 
as center of a ring, middle point of a bond or any carbon atoms. Two molecules are 
laterally offset and form a pair with two opposite donor-acceptor (D-A) contacts in a 
complimentary manner. Although C-H···π interactions are weak, the arrangement is 
directional and may serve as a driving force for the crystallization of the complexes. 
In 15, the interaction is observed and C-H···C(sp2) distances are 2.885 Å and 2.873 Å, 
falling in the range of similar contacts (Figure 3.13).14 In other complexes, the 




Figure 3.12 A diagram showing C-H···π contacts (dash lines) between ethyl groups 
and tetracenyl rings of two molecules in solid state, viewed along the long axis of 
tetracenyl ring. The aromatic ring is assumed to be normal to the coordination planes. 
Blank closed circle: PEt3, filled circle: Pt, dashed circle: ancillary ligand, shadowed 




Figure 3.13 C-H···π interactions between two molecules of 15.  
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Apart from C-H···π contacts, other forms of interaction can be found in the 
solid state packing of the complexes. In 13, edge-to-face interactions between 
tetracenyl rings are perceived. The interacting aromatic rings form a 1D herringbone 
pattern (Figure 3.14). While the herringbones in the crystal of tetracene interlock and 
extend two-dimensionally, each herringbone in 13 is separated from the adjacent ones 
by Pt(PEt3)3 groups. The tetracenyl rings are nearly perpendicular to each other, 
showing a dihedral angle of 80.81° which is larger than the corresponding angle 
found in tetracene (51.40°).15 The terminal H2 of a tetracenyl ring is directed to the 
central part of its adjacent tetracenyl rings. The centroid-centroid distance between the 
terminal (6-membered) ring of the first molecule and the third (6-membered) ring of 
the adjacent molecule is 5.038 Å (4.676 Å for tetracene). The distance is typical for 
edge-to-face interactions between aromatic molecules.16 
Similarly, edge-to-face contacts are also involved in the solid state packing of 
11 (Figure 3.15a). The hydrogen atoms of the phenyl rings of the ancillary ligand are 
directed to the terminal rings of tetracene. Two molecules of 11 are associated 
through two complimentary interactions. The dihedral angle between the phenyl ring 
and tetracenyl ring is 80.45o while the centroid-centroid distance between them is 
4.875 Å. All the values are normal to similar contacts.16 It is also noted that C-H···Pt 
interactions are present in the packing of 11 (Figure 3.15b). This so-called “anagostic” 
bonding is electrostatic in nature. The H···Pt distance (2.852 Å) and angle C-H-Pt 











               (a)                                                                        (b) 
 
Figure 3.14 (a) Edge-to-face interaction between two molecules of 14. (b) 








Figure 3.15 (a) Edge to face interaction between two molecules of 11. (b) Anagostic 





3.2.3 Electronic Absorption Spectroscopy 
The UV-visible spectra of the complexes are shown in Figure 3.16 and 3.17. 
The absorption spectroscopic data are summarized in Table 3.9. Similar to 6a, all the 
complexes 7 – 11, 13 – 16 display three absorption bands: a broad intense vibronic 
band in 480 – 580 nm (εmax = 1.25 – 3.43×104 M-1cm-1), a less intense band in 324 – 
367 nm (εmax = 1.15 – 1.78×104 M-1cm-1) and a very strong, sharp band at 294 – 303 
nm (εmax = 5.85 – 14.46×104 M-1cm-1). The vibronic band is assigned to the lowest 
energy singlet π→π* (1Ag→1B1u) transition in the tetracenyl ring, which is also 
known as 1La band in Platt’s notation.18 The vibronic spacings are ~ 1300 – 1400 cm-1, 
similar to those of 4, 5 and 6a. The second band is tentatively ascribable to the 1Lb 
band which arises from the pseudo-parity forbidden 1Ag→ −2u1B transition.19  The third 
band is attributed to 1Ag→1B1u transition in the tetracenyl ring, which is also known 
as 1Bb band in Platt’s notation.  
In comparison to the spectra of the complexes with that of 3, it is shown that 
replacing the triisopropylsilyl groups with the [L(Et3P)2Pt]n+ (L = auxiliary ligand, n = 
0, 1) ions leads to red-shift of the three transitions. While the band 1Lb is red-shifted 
by 790 – 2870 cm-1, energies of the bands 1La and 1Bb are lowered by 580 – 1450 cm-1 
and 350 – 1360 cm-1, respectively. The energy of the HOMO→LUMO transition of 
tetracene (which corresponds to the band 1La of the complexes) is lowered by 2450 
cm-1 by substitution of triisopropylsilylethynyl groups at its 5- and 12-positions. 
Absorption spectroscopic result shows that replacing the triisopropylsilyl groups with 
the [L(Et3P)2Pt]n+ (L = auxiliary ligand, n = 0,1) ions leads to red-shift  of the 1La  











































































Figure 3.17 Electronic absorption spectra of 13 – 16 in CH2Cl2 at room temperature. 
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Table 3.9 Absorption spectroscopic data of the complexes. 
Complex 
1La Band/nm 
(ε, 104 M-1cm-1) 
1Lb Band/nm 
(ε, 104 M-1cm-1) 
1Bb Band/nm 
(ε, 104 M-1cm-1) 
6a 572 (2.62), 532 (1.78), 498 (0.67) 
(s) 
354 (1.38), 336 
(1.20) 
301 (10.76) 
7  573 (2.09), 532 (1.42), 498 (0.56) 
(s) 
355 (1.15), 338 
(0.93) 
301 (8.64) 
8  573 (2.99), 533 (2.04), 498 (0.80) 
(s) 
355 (1.61), 339 
(1.24) 
301 (12.55) 
9  578 (2.37), 537 (1.58), 503 (0.61) 
(s) 
354 (1.77), 337 
(1.72) 
302 (9.70) 
10  578 (1.25), 537 (0.87), 503 (0.38) 
(s) 
357 (1.29) 302 (5.85) 
11  580 (3.10), 539 (2.08), 505 (0.80) 
(s) 
363 (2.26) 303 (12.21) 




14  552 (2.51), 513 (1.72), 480 (0.70) 366 (0.64) (s), 
341 (1.41), 324 
(1.32) 
295 (11.83) 
15  555 (2.85), 517 (1.96), 483 (0.75) 345 (1.33) 296 (12.62) 




Noteworthy is that the complexes can be categorized into two groups based on 
the energies of their HOMO→LUMO transitions. The neutral complexes (6a, 7 – 11) 
with π-donating anionic auxiliary ligands have similar HOMO→LUMO transition 
energies (λmax = 572 – 580 nm) which are invariably lower than those of the cationic 
complexes (13 – 16) with π-accepting neutral auxiliary ligands (λmax = 552 – 555 nm). 
In addition, the neutral complexes show broader bands of 1La. The absorption energy 
follows the order of 14 ~ 13 ~ 16 > 15 > 6a ~ 7 ~ 8 > 9 ~ 10 > 11. Figure 3.18 shows 
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the absorption colors of cationic and neutral complexes (16, 15, 9 and 11), which 
change from red to reddish purple accordingly. Although the red-shift (540 – 870 cm-1) 
is small, it is significant as it clearly indicates that the absorption energy is sensitive to 
the remote auxiliary ligand L. It is also noteworthy that the extinction coefficients of 
the bands of compound 10 are lower than those of other complexes. It might be due to 
the heavy atom effect of Se atoms in 10. 
 
Figure 3.18 A photograph showing absorption colors of 16, 15, 9 and 11                  
(from left to right). 
 
3.2.4 Emission Spectroscopy 
The solution emission spectra of the complexes are shown in Figure 3.19 and 
3.20. The emission spectroscopic data are summarized in Table 3.10. Similar to the 
trend of absorption (HOMO→LUMO transition) energies, the complexes can be 
categorized into two groups based on the emission energies: neutral complexes with 
π-donating anionic auxiliary ligands (6a, 7 – 11) and cationic complexes with π-
accepting neutral auxiliary ligands (13 – 16). The fluorescence of 6a, 7 – 11 spans 
from 596 nm to 608 nm and 13 – 16 from 561 nm to 570 nm. The nanosecond 
lifetimes (2.6 – 9.3 ns) and small Stokes shift (290 – 770 cm-1) between the emission 
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and the HOMO→LUMO transition indicate that the luminescence is 
HOMO←LUMO (S0←S1) fluorescence centered in the tetracenyl ring. The 
complexes are highly fluorescent and quantum yields of the emission range from 0.13 
to 0.97. Similar to the absorptions, the fluorescence of the complexes are red-shifted 
from the fluorescence of 3 (λmax = 542 nm) and tetracene (λmax = 476 nm) by 620 – 
2000 cm-1 and 3180 – 4560 cm-1, respectively. In line with the energies of the 
HOMO→LUMO transitions, the emissions of 6a, 7 – 11 (λmax = 596 – 608 nm) are 
770 – 1380 cm-1 lower than those of 13 – 16 (λmax = 561 – 570 nm). Figure 3.21 
shows the emission colors of cationic and neutral complexes (16, 15, 9 and 11), which 
change from reddish orange to red accordingly. 
The emission energies of the complexes follow the order of 14 ~ 13 ~ 16 > 
15 > 6a ~ 7 ~ 8 > 9 ~ 10 > 11. The complex 11 shows the largest red-shift among the 
neutral complexes with π-donating anionic auxiliary ligands. It might be due to the 
collective effect of platination and alkylation which gives the red-shift of 11 up to 
4560 cm-1 (0.57 eV) from the fluorescence of tetracene. The reason for larger red-shift 
of neutral complexes with π-donating anionic ligands over cationic complexes with π-
accepting neutral ligands is not certain. It is reasonable to assume that the π-donating 
ligands are able to interact with the conjugated system of tetracenyldiacetylide 
through 5dπ-orbitals of the PtII ions, thus lowering HOMO-LUMO energy gaps. 
However, the emission energies of 6a, 7 and 8 or 9 and 10 are almost identical, 
although Se and I are better π-donating ligands than S and Br, Cl, respectively. DFT 
calculation results will be discussed in Section 3.2.5 to attain better understanding of 




























Figure 3.19 Emission spectra of 6a, 7 – 11 in CH2Cl2 at room temperature. The 
excitation wavelength is 490 nm. 
 






















Figure 3.20 Emission spectra of 13 – 16 in CH2Cl2 at room temperature. The 




Table 3.10 Emission spectroscopic data of the complexes. 









6a 596 8.6 0.60 642 
7  599 9.2 0.58 639 
8  599 9.3 0.50 640 
9  605 6.3 0.36 650 
10  605 2.6 0.13 650 
11  608 8.7 0.51 645 
13  563 2.0 0.38 613 
14  561 3.3 0.45 612 
15 570 6.5 0.81 623 
16 565 5.8 0.97 615 
 
 
Figure 3.21 A photograph showing emission colors of 16, 15, 9 and 11 at room 
temperature (from left to right). 
 
All the complexes are emissive in the solid state. Their solid state emission 
spectra are given in Figure 3.22 and 3.23. Similar to the solution emissions, solid state 
fluorescence of the complexes can be divided into two groups: neutral complexes with 
π-donating anionic auxiliary ligands 6a, 7 – 11 (639 – 650 nm) and cationic 
complexes with π-accepting neutral auxiliary ligands 13 – 16 (612 – 623 nm). All the 
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emissions are red-shifted from the corresponding solution ones by 940 – 1490 cm-1. 
The solid state emission energies follow the order of 14 ~ 13 ~ 16 > 15 > 6a ~ 7 ~ 8 > 
11 > 9 ~ 10, almost parallel to the trend in solution. However, the emission of the 
compound 11 is not the lowest in energy.  
























Figure 3.22 Solid state emission spectra of 6a, 7 – 11 at room temperature. The 
excitation wavelength is 490 nm. 
 
 





















Figure 3.23 Solid state emission spectra of 13 – 16 at room temperature. The 
excitation wavelength is 490 nm. 
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3.2.5 Density Functional Theory Calculations 
To shed light on the sensitivity of auxiliary ligands toward the electronic 
structure of the tetracenyl core, DFT calculations were conducted in collaboration 
with Prof. Alex Wong at City University of Hong Kong. The ground-state structure of 
the model complexes {[L(PMe3)2Pt]2-tetracenyldiacetylide}n+ (L = –C≡CPh, –SPh, –
SePh, n = 0; L = Pyridine, n = 2) were optimized at the DFT level (B3LYP). In each 
case, the direction along the Pt–Ctetracenyldiacetylide is defined to coincide with the z axis 
of the coordinate system, and the Pt–P bond in the x direction. The structural data of 
the optimized structures of 9 – 11 and 15 are in good agreement with their related 
crystal structures. For example, the Pt–Ctetracenyldiacetylide bond distances obtained from 
X-ray crystal structures are 1.982(5)–2.000(5) Å in 11 and 1.951(5) Å in 15, whereas 
they are 2.022 and 1.975 Å in their corresponding model complexes. Figure 3.24 
showed the optimized structures, HOMO and LUMO surfaces for 5,12-
tetracenyldiacetylene (T-2H) and 11. It is noted that the HOMOs and LUMOs for the 
calculated compounds are mainly contributed from the π-system of the 
tetracenyldiacetylide dianion; an exception is for 15, for which its LUMO+2 rather 
than LUMO is the π* orbital. Although the dπ(Pt) can interact with the π-system of the 
tetracenyldiacetylide, the contribution from the dπ(Pt) in both the HOMO and LUMO 
are not significant (<10%). The compositions of the HOMOs and LUMOs for the Pt 
complexes are summarized in Table 3.11.  
The electronic transitions for these model complexes have been investigated 
using the TD-DFT method. Comparison of the calculated vertical transition energies 
for the compounds and the experimental data for the corresponding compounds are 
summarized in Table 3.12. The calculated spectra for the model Pt complexes are in 
good agreement with their corresponding experimental spectra: each of them exhibits 
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a lowest-energy dipole-allowed electronic transition in the visible region (λmax = 582–
617 nm), which is originated from one-electron excitation from the HOMO to the 
LUMO, except for 15 which is from HOMO to LUMO+2. Thus the lowest-energy 
transitions for the complexes are assigned as metal-perturbed π–π* intraligand 
transitions. Detailed calculated spectra are depicted in the Appendix D. It should be 
noted that the vibronic features in the experimental spectra were not reproduced in the 
TD-DFT calculations; this is reasonable since the effect of vibronic coupling on the 
electronic transitions could not be taken into account by current computational 
methodologies. Anyhow, the trend of λmax in the TD-DFT calculations is in the order 
5,12-tetracenyldiacetylene (17720 cm-1) > 5,12-bis((trimethylsilyl)ethynyl)tetracene 
(17190 cm-1) ~ 15 (17180 cm-1) > 9 (16280 cm-1) ~ 10 (16240 cm-1) ~ 11 (16220 cm-
1), which parallels the trend found from the experimental spectra (14 ~ 13 ~ 16 > 15 > 
6a ~ 7 ~ 8 > 9 ~ 10 > 11).  
Figure 3.25 depicts the energy levels of HOMOs and LUMOs, and the 
energies associated with the transition between these MOs for 5,12-
tetracenyldiacetylene, 5,12-bis((trimethylsilyl)ethynyl)tetracene and Pt complexes 
(except LUMO+2 is depicted instead of LUMO for 15). Figure 3.26 depicts the 
energies of the HOMOs and LUMOs relative to those in 5,12-tetracenyldiacetylene. 
The latter plot clearly shows that the HOMOs for 9 – 11 are destabilized to a greater 
extent (0.7 – 0.9 eV) than the LUMOs (0.6 – 0.7 eV) when compared with the HOMO 
and LUMO of 5,12-tetracenyldiacetylene, and this is consistent with their red-shift in 
the metal-perturbed π–π* transition compared with the π–π* transition in 5,12-
bis((trimethylsilyl)ethynyl)tetracene. The transition for 15 is the least red-shifted as 
both its HOMO and LUMO+2 are stabilized to nearly the same extent (ca. 3 eV). To 
understand why the HOMOs in the Pt complexes are more destabilized compared 
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with their LUMOs, we have to consider the interaction between the [Pt(PMe3)2L]n+ 
moieties and the tetracenyldiacetylide dianion (Figure 3.27). It is noted that the 
HOMOs for 9 – 11 are formed by the π-interaction between the [Pt(PMe3)2L]n+ and 
the tetracenyldiacetylide dianion, whereas the [Pt(PMe3)2L]n+ character in their 
LUMOs are minimal. Thus the HOMOs for 9 – 11 are destabilized to a greater extent 
than their LUMO. On the other hand, both the HOMO and LUMO for 15 exhibit 
similar degree of π-interaction between the [Pt(PMe3)2L]n+ moiety and the 




Figure 3.24 Optimized Structures and HOMO and LUMO surfaces for (a) 5,12-
tetracenyldiacetylene and (b) 11 using the B3LYP functional (hydrogens are omitted 


























Figure 3.25 The energy levels of the HOMOs and LUMOs, and the energies 
associated with the transition between these MOs for 5,12-tetracenyldiacetylene (T-
2H), 5,12-bis((trimethylsilyl)ethynyl)tetracene (SiMe3) and Pt complexes. For 15, 





























Figure 3.26 The energies of the HOMOs and LUMOs in the Pt model complexes 
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LUMO gap / 
eV 
% Composition 
Pt1 Pt2 2 × P(CH3)3 
(Pt1) 
2 × P(CH3)3 
(Pt2) 
Tetracene C≡C (Pt1) C≡C (Pt2) 
  9 HOMO -4.192 2.274 4.72 4.70 2.09 2.13 84.13 1.11 1.12 
LUMO -1.918 2.19 2.21 2.09 2.10 91.20 0.10 0.10 
10 HOMO -4.185 2.271 4.88 4.51 1.98 2.06 83.28 1.93 1.35 
LUMO -1.195 2.11 2.05 2.07 2.10 91.45 0.09 0.13 
11 HOMO -4.045 2.265 3.94 3.94 2.30 2.30 86.21 0.66 0.66 
 LUMO -1.780  1.76 1.77 2.09 2.09 91.92 0.19 0.19 
15 HOMO -7.876 2.059 2.11 2.09 1.91 1.90 91.60 0.19 0.20 






Table 3.12 Comparison of the Vertical Transition Energies for the Model Compounds and their corresponding experimental findings. SiMe3: 
5,12-bis((trimethylsilyl)ethynyl)tetracene. 
TD-DFT Calculation Experimental Data 
 Excitation Energy / nm 
(oscillator strength) 
Transition  λmax / 104 M-1cm-1 
(εmax) 
T-2H 564 (0.1123) HOMO Æ LUMO T-2H  
SiMe3 582 (0.2102) HOMO Æ LUMO SiMe3  
9 614 (0.3648) HOMO Æ LUMO 9 578 (2.37) 
10 616 (0.3727) HOMO Æ LUMO 10 578 (1.25) 
11 617 (0.3945) HOMO Æ LUMO 11 580 (3.10) 
15 706 (0.0931) HOMO Æ LUMO [44% Pyridine (Pt1), 38% Pyridine (Pt2)] 15  







In this Chapter, the compound 6a serves as precursor for the syntheses of a 
series of dinuclear platinum complexes of tetracenyldiacetylide with different 
auxiliary ligands. The auxiliary ligands can be categorized into two groups: anionic, 
π-donating ligand and neutral, π-accepting ligand. Spectroscopic study shows that the 
complexes with anionic, π-donating ligands showed absorption (572 – 580 nm) and 
fluorescence (596 – 608 nm) lower in energy than those with neutral, π-accepting 
ligands (552 – 555 nm, 561 – 570 nm). The phenylacetylide ligand in compound 11 
has the strongest effect in red-shifting the emission of the tetracenyl ring (up to 608 
nm). The combined perturbations of alkynation and platination lowered the emission 
energy up to 0.57 eV. DFT calculation shows the tuning effects of two categories of 
ligands on the emission energy of tetracenyl rings are consistent with experimental 
spectroscopic data. 
 
3.4 Experimental Section 
3.4.1 General Methods 
All syntheses were carried out in a N2 atmosphere. All the solvents used for 
synthesis and spectroscopic measurements were purified according to the literature 
procedures. All reagents used for syntheses were used as received.  
3.4.2 Physical Methods.  
Instrumental details for NMR experiments, elemental analyses, ESI-MS, FAB-
MS, UV-Vis absorption and emission spectroscopy, emission quantum yield 
measurements, emission lifetime measurements, are the same as stated in Chapter 2. 
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X-ray Crystallography: Data collection and structure refinement details are 
the same as stated in Chapter 2.  
The central tetracenyl rings and some of the ethyl groups are disordered in 9 
and 10. Initial refinement gave elongated thermal ellipsoid for Pt in 10. The problem 
was solved by including Pt as part of the disorder. The tetracenyl ring in 13 has a 
flipped-over disorder with occupancies of 50:50. The solvent molecule in 13 CH2Cl2 
is also disordered. In 14, the acetone molecule is 50% replaced by two waters with 
half occupancy. The two OTf anions are disordered into two positions with occupancy 
ratios of 80:20 and 50:50, respectively. 
Computation Methodology DFT and TD-DFT calculations were performed 
on {[L(PMe3)2Pt]2-tetracenyldiacetylide}n+ (L = –C≡CPh, –SPh, –SePh, n = 0; L = py, 
n = 2), which were used as models for the platinum complexes studied in this work. 
5,12-Bis((trimethylsilyl)ethynyl)tetracene and hypothetical compound 5,12-
tetracenyldiacetylene were also calculated for spectroscopic comparisons. Phosphine 
ligands PMe3 were used instead of PEt3 in the Pt model complexes in order to 
increase calculation efficiency. Their electronic ground states were optimized without 
symmetry imposed using Becke’s three-parameter hybrid functional20 with the Lee-
Tang-Parr correlation functional21 (B3LYP). Frequency calculations were also 
performed on all the optimized structures. As no imaginary vibrational frequencies 
were encountered, the optimized stationary points were confirmed to be local minima.  
In each TD-DFT calculation, the direction along the Pt–Ctetracenyldiacetylide is 
defined to coincide with the z axis of the coordinate system, and the Pt–P bond in the 
x direction. The Stuttgart small-core relativistic effective core potentials were 
employed for Pt atoms with their accompanying basis sets.22 In the geometry 
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optimization calculations, the 6-31G basis set was employed for C and H atoms,23 and 
the 6-311G basis set for N, P, S, and Se atoms.24 The vertical transition energies (the 
first 160 excited states) for the model complexes were computed at their respective 
gas-phase-optimized ground-state geometries using the TD-B3LYP method. The 6-
31G* basis set was employed for C and H atoms in the TD-DFT calculations in order 
to enhance the accuracy of calculations. Tight SCF convergence (10-8 au) was used 
for all calculations. All the DFT and TD-DFT calculations were performed using the 
Gaussian 03 program package (revision D.01).25 
3.4.3 Synthesis 
 [Br(Et3P)2PtII]2-Tetracenyldiacetylide (7). To a CH2Cl2 solution of 6 (50 
mg, 0.036 mmol) was added AgOTf (19 mg, 0.072 mmol) with stirring at room 
temperature over 1 h in the absence of light. The resulting mixture was filtered under 
argon and excess Tetra-N-octyl ammonium Bromide was added. The solution was 
further stirred for 2 h  and the solvent was then reduced by rotovapor. The titled 
compound was precipitated by the addition of excess MeOH. Yield 22 mg, 49%. Anal. 
Calcd (%) for 7 (C46H70Br2P4Pt2): C, 42.60; H, 5.44. Found: C, 42.60; H, 4.96. 1H 
NMR (300 MHz, CDCl3) δ 9.34 (s, 2H, H6,11), 8.69 (dd, J = 3.3, 6.7 Hz, 2H, H1,4), 
7.96 (dd, J = 3.0, 6.6 Hz, 2H, H7,10), 7.42-7.37 (m, 4H, H2,3,8,9), 2.17-2.13 (m, 24H, 
PCH2CH3), 1.30-1.20 (m, 36H, PCH2CH3). 31P{1H} NMR (121.5 MHz, CDCl3) δ 
13.54 (s, 1JPt-P = 2360 Hz). ESI-MS: m/z 1296.0, [M]+. 
[Cl(Et3P)2PtII]2-Tetracenyldiacetylide (8). To a CH2Cl2 solution of 6 (50 mg, 
0.036 mmol) was added AgOTf (19 mg, 0.072 mmol) with stirring at room 
temperature over 1 h in the absence of light. The resulting mixture was filtered under 
argon and excess Tetra-N-butyl ammonium Chloride was added. The solution was 
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further stirred for 2 h and the solvent was then reduced by rotovapor. The titled 
compound was precipitated by the addition of excess MeOH. Yield: 25mg, 57%. Anal. 
Calcd (%) for 8 (C46H70Cl2P4Pt2): C, 45.74; H, 5.84. Found: C, 45.41; H, 5.63. 1H 
NMR (300 MHz, CDCl3) δ 9.33 (s, 2H, H6,11), 8.68 (dd, J = 3.1, 6.7 Hz, 2H, H1,4), 
7.96 (dd, J = 3.0, 6.6 Hz, 2H, H7,10), 7.40-7.38 (m, 4H, H2,3,8,9), 2.11-2.07 (m, 24H, 
PCH2CH3), 1.32-1.21 (m, 36H, PCH2CH3). 31P{1H} NMR (121.5 MHz, CDCl3) δ 
15.96 (s, 1JPt-P = 2388 Hz). ESI-MS: m/z 1208.1, [M]+. 
[C6H5S(Et3P)2PtII]2-Tetracenyldiacetylide (9). To a stirred solution of 6 (44 
mg, 0.032 mmol) in CH2Cl2 (10 ml) was added thiophenol (0.1 ml, 1 mmol) and NEt3 
(0.2 ml, 1.3 mmol). The resulting mixture was stirred for 2 h and the solvent was then 
reduced by rotovapor. The addition of excess MeOH afforded a deep purple solid. 
The product was filtered and thoroughly washed with MeOH and then dried in vacuo. 
Yield: 27 mg, 63%. X-ray-quality crystals of 9 were obtained from CH2Cl2/MeOH at 
room temperature. Anal. Calcd (%)  for 9 (C58H80P4Pt2S2): C, 51.39; H, 5.95; S, 4.73. 
Found: C, 51.00; H, 5.83; S, 4.67. 1H NMR (300 MHz, CDCl3) δ 9.39 (s, 2H, H6,11), 
8.74 (dd, J = 3.4, 6.9 Hz, 2H, H1,4), 8.00 (dd, J = 3.1, 6.6 Hz, 2H, H7,10), 7.61 (d, J = 
8.2 Hz, 4H, o-C6H5), 7.43-7.38 (m, 4H, H2,3,8,9), 7.11-7.06 (m, 4H, m-C6H5), 6.93 (t, J 
= 6.6 Hz, 2H, p-C6H5), 2.09-2.03 (m, 24H, PCH2CH3), 1.27-1.16 (m, 36H, PCH2CH3). 
31P{1H} NMR (121.5 MHz, CDCl3) δ 13.29 (s, 1JPt-P = 2412 Hz). FAB-MS: m/z 
1354.5, [M]+. 
[C6H5Se(Et3P)2PtII]2-Tetracenyldiacetylide (10). To a stirred solution of 6 
(50 mg, 0.032 mmol) in CH2Cl2 (10 ml) was added benzenselenol (0.1 ml, 0.9 mmol) 
and NEt3 (0.2 ml, 1.3 mmol). The resulting mixture was stirred for 2 h and the solvent 
was then reduced by rotovapor. The addition of excess MeOH afforded deep purple 
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solid. The product was filtered and thoroughly washed with MeOH and then dried in 
vacuo. Yield: 35 mg, 67%. X-ray-quality crystals of 10 were obtained from 
THF/MeOH at room temperature. Anal. Calcd (%) for 10 (C58H80P4Pt2Se2): C, 48.07; 
H, 5.56. Found: C, 48.08; H, 5.71. 1H NMR (300 MHz, CDCl3) δ 9.40 (s, 2H, H6,11), 
8.74 (dd, J = 3.3, 6.7 Hz, 2H, H1,4), 8.00 (dd, J = 3.1, 6.6 Hz, 2H, H7,10), 7.74 (d, J = 
5.6 Hz, 4H, o-C6H5), 7.44-7.38 (m, 4H, H2,3,8,9), 7.07-7.05 (m, 6H, m,p-C6H5), 2.14-
2.09 (m, 24H, PCH2CH3), 1.26-1.16 (m, 36H, PCH2CH3). 31P{1H} NMR (121.5 MHz, 
CDCl3) δ 10.80 (s, 1JPt-P = 2392 Hz). ESI-MS: m/z 1450.0, [M]+. 
[C6H5C≡C(Et3P)2PtII]2-Tetracenyldiacetylide (11). To a stirred solution of 6 
(77 mg, 0.055 mmol) in THF (10ml) was added CuI (5 mg), diethylamine (5ml) and 
phenylacetylene (0.12 ml, 1 mmol). The resulting mixture was stirred overnight and 
all the solvents were removed in vacuo. The solid residue was extracted with CH2Cl2 
and the titled compound was afforded by the addition of excess MeOH. Yield 37 mg, 
50%. X-ray-quality crystals of 11 were obtained from CH2Cl2/MeOH at room 
temperature. Anal. Calcd (%) for 11 (C62H80P4Pt2): C, 55.60; H, 6.02. Found: C, 55.31; 
H, 5.85. 1H NMR (300 MHz, CDCl3) δ 9.39 (s, 2H, H6,11), 8.74 (dd, J = 3.4, 6.9 Hz, 
2H, H1,4), 7.96 (dd, J = 3.0, 6.4 Hz, 2H, H7,10), 7.39-7.33 (m, 8H, H2,3,8,9 and o-C6H5), 
7.24-7.22 (m, 4H, m-C6H5), 7.14 (t, J = 7.2 Hz, 2H, p-C6H5), 2.26-2.20 (m, 24H, 
PCH2CH3), 1.35-1.24 (m, 36H, PCH2CH3). 31P{1H} NMR (121.5 MHz, CDCl3) δ 
12.27 (s, 1JPt-P = 2375 Hz). FAB-MS: m/z 1338.6, [M]+. 
[Ph3P(Et3P)2PtII]2-Tetracenyldiacetylide (13). To a CH2Cl2 solution of 6 (49 
mg, 0.035 mmol) was added AgOTf (18 mg, 0.070 mmol) with stirring at room 
temperature over 1 h in the absence of light. The resulting mixture was filtered under 
argon and excess triphenylphosphine was added. The solution was further stirred for 2 
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h and the solvent was then reduced by rotovapor. The titled compound was 
precipitated by the addition of excess Et2O. Yield: 59 mg, 85%. Slow diffusion of 
Et2O into a CH2Cl2 solution at room temperature afforded red crystals suitable for X-
ray crystallography study. Anal. Calcd (%) for 13 (C84H100F6O6P6Pt2S2): C, 51.48; H, 
5.14; S, 3.27. Found: C, 51.16; H, 5.03; S, 3.12. 1H NMR (300 MHz, CDCl3) δ 9.27 (s, 
2H, H6,11), 8.62 (dd, J = 3.2, 6.7 Hz, 2H, H1,4), 8.06 (dd, J = 3.4, 6.5 Hz, 2H, H7,10), 
7.91-7.46 (m, 34H, H2,3,8,9 and C6H5), 1.71-1.67 (m, 24H, PCH2CH3), 1.17-1.07 (m, 
36H, PCH2CH3). 31P{1H} NMR (121.5 MHz, CDCl3) δ 12.91 (t, 1JPt-P = 2561 Hz, 2JP-
P = 22 Hz, PPh3), 8.62 (d, 1JPt-P = 2173 Hz, 2JP-P = 22 Hz, PEt3) . ESI-MS: m/z 830.7, 
[M – 2OTf]2+. 
[(Et3P)3PtII]2-Tetracenyldiacetylide (14). To a CH2Cl2 solution of 6 (80 mg, 
0.058 mmol) was added AgOTf (30 mg, 0.117 mmol) with stirring at room 
temperature over 1 h in the absence of light. The resulting mixture was filtered under 
argon and excess triethylphosphine was added. The solution was further stirred for 2 h 
and the solvent was then reduced by rotovapor. The titled compound was precipitated 
by the addition of excess Et2O. Yield: 72 mg, 75%. Crystals of 14 were grown by 
slow diffusion of of Et2O into an acetone solution. Anal. Calcd (%) for 14 
(C60H100F6O6P6Pt2S2): C, 43.11; H, 6.03; S, 3.84. Found: C, 43.22; H, 5.86; S, 3.64. 
1H NMR (300 MHz, CDCl3) δ 9.18 (s, 2H, H6,11), 8.52 (dd, J = 3.3, 6.7 Hz, 2H, H1,4), 
7.93 (dd, J = 3.4, 6.6 Hz, 2H, H7,10), 7.49-7.47 (m, 4H, H2,3,8,9), 2.29-2.17 (m, 36H, 
PCH2CH3), 1.36-1.24 (m, 54H, PCH2CH3). 31P{1H} NMR (121.5 MHz, CDCl3) δ 
12.60 (d, 1JPt-P = 2223 Hz, 2JP-P = 24 Hz, Pcis), 6.38 (t, 1JPt-P = 2403 Hz, 2JP-P = 24 Hz, 
Ptrans) . ESI-MS: m/z 686.2, [M – 2OTf]2+. 
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[C5H5N(Et3P)2PtII]2-Tetracenyldiacetylide (15). To a CH2Cl2 solution of 6 
(63 mg, 0.045 mmol) was added AgOTf (23 mg, 0.090 mmol) with stirring at room 
temperature over 1 h in the absence of light. The resulting mixture was filtered under 
argon and excess pyridine was added. The solution was further stirred for 2 h and the 
solvent was then reduced by rotovapor. The titled compound was precipitated by the 
addition of excess Et2O. Yield: 45 mg, 63%. Slow diffusion of of Et2O into a CH2Cl2 
solution at room temperature afforded red crystals suitable for X-ray crystallography 
study. Anal. Calcd (%) for 15 (C58H80F6N2O6P4Pt2S2): C, 43.72; H, 5.06; N, 1.76; S, 
4.02. Found: C, 43.32; H, 5.22; N, 1.69; S, 4.01. 1H NMR (300 MHz, CDCl3) δ 9.21 
(s, 2H, H6,11), 8,74 (d, J = 4.9 Hz, 4H, o-C5H5N), 8.56 (dd, J = 3.3, 6.6 Hz, 2H, H1,4), 
8.07 (t, J = 7.9 Hz, 2H, p-C5H5N), 7.96 (dd, J = 3.4, 6.7 Hz, 2H, H7,10), 7.81-7.76 (m, 
4H, m-C5H5N), 7.47-7.42 (m, 4H, H2,3,8,9), 1.80-1.75 (m, 24H, PCH2CH3), 1.27-1.16 
(m, 36H, PCH2CH3). 31P{1H} NMR (121.5 MHz, CDCl3) δ 16.50 (s, 1JPt-P = 2320 Hz). 
ESI-MS: m/z 647.1, [M – 2OTf]2+. 
[C6H3(CH3)2N≡C(Et3P)2PtII]2-Tetracenyldiacetylide (16). To a suspension 
of 6 (40 mg, 0.029 mmol) in acetonitrile (5 ml) was added 2,6-xylyl isonitrile (10 mg, 
0.076 mmol). Upon stirring 1 h, the suspension turned to a clear orange-red solution. 
The addition of  excess NaOTf (100 mg) followed by Et2O afforded the titled product, 
which was collected and dried. Yield: 26 mg, 53%. Anal. Calcd (%) for 16 
(C66H88F6N2O6P4Pt2S2): C, 46.70; H, 5.22; N, 1.65; S, 3.78. Found: C, 46.60; H, 5.02; 
N, 1.61; S, 3.70. 1H NMR (300 MHz, CDCl3) δ 9.19 (s, 2H, H6,11), 8.54 (dd, J = 3.3, 
6.9 Hz, 2H, H1,4), 7.98 (dd, J = 3.3, 6.6 Hz, 2H, H7,10), 7.53-7.26 (m, 10H, H2,3,8,9 and 
C6H3), 2.56 (s, 12H, CH3), 2.33-2.28 (m, 24H, PCH2CH3), 1.40-1.29 (m, 36H, 
PCH2CH3). 31P{1H} NMR (121.5 MHz, CDCl3) δ 17.31 (s, 1JPt-P = 2068 Hz). ESI-MS: 
m/z 699.3, [M – 2OTf]2+. 
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There is a quest for molecules that display near-infrared (NIR) luminescence 
because of their wide applications in fields such as bioimaging, organic photovoltaics, 
optoelectronics and photodynamic therapy.1 Various organic and organometallic 
chromophores e.g. porphyrin,2 squararine3 and aza-dipyrromethene,4 lanthanide 
complexes5 have been invoked in development of NIR emitters. For π-conjugated 
dyes, strategies to move emission to NIR include substitution to or extension of π-
conjugation of the molecules which lowers the HOMO-LUMO gap.1b, 6  
Pentacene is known to have fluorescence near to NIR region7 and intense low 
energy visible absorption with extinction coefficient of 104 M-1cm-1.8 The absorption 
and emission energies are lower than those of tetracene. The results in Chapter 2 and 
3 show that platination of 5,12-tetracenyldiacetylide and systematic variation of the 
auxiliary ligands can lower the fluorescence energy of tetracenyl ring up to 0.57 eV 
(λmax = 608 nm). Therefore, it is envisioned that platination of 6,13-
pentracenyldiacetylide can move the fluorescence of pentacene to NIR region. 
In this Chapter, a series of dinuclear platinum(II) complexes of 6,13-
pentacenyldiacetylide with different auxiliary ligands are prepared and fully 
characterized. The red-shift of fluorescence of pentacenyl core upon the platination 
and its sensitivity toward the electronic properties of auxiliary ligands are also studied.               
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4.2 Results and Discussion 
4.2.1 Syntheses and Characterizations 
The compounds 18a and 18b were synthesized by Sonogashira coupling of 
trans-PtII(PR3)I2 (R = Et, Bu) and 6,13-pentacenyldiacetylene (P-2H) which was 
generated in situ from desilylation of 17 due to its extremely poor stability (Scheme 
4.1). 18a was sparingly soluble in common organic solvents, frustrating efforts to 
obtain single crystals for X-ray diffraction. Nonetheless, 1H and 31P{1H} NMR, high-
resolution ESI-MS, and elemental analysis results undoubtedly confirm the proposed 
formulation of the compound. Figure 4.1 shows the nearly identical experimental and 
simulated cluster peak centered at m/z 1440.0 corresponding to [18a]+. The analogous 
complex 18b, bearing better solubilizing groups (PBu3), is soluble in many organic 
solvents even in hexane. 
The synthetic pathways for the complexes 19, 20 and 22 – 24 are given in 
Scheme 4.2 and 4.3, respectively. The complex 19 was obtained from substitution of 
the iodide ions in 18a by phenylthiolate and the complex 20 was prepared from 
Sonogashira coupling of 18a and phenylacetylene. Facile substitution of iodides in 
18a by 2,6-xylyl isocyanide in CH3CN followed by anion exchange with LiClO4 
afforded the green complex 24. The compound 21 was generated in situ by halide 
abstraction of 18a with AgOTf. The following addition of PPh3 and pyridine to 21 
produced dark green complexes 22 and 23 in good yields, respectively. Compounds 
18b – 20 and 22 – 24 were much more soluble than 18a in solvents such as CH2Cl2, 


























































































Table 4.1 Summary of the 31P{1H} NMR data of the complexes.a 
 
Chemical shifts (ppm) 
Coupling constant (Hz)  
1JPt-P 2JP-P 
18a 9.63 2319  
18b 1.26 2300  
19 13.37 2409  






23 16.56 2322  
24 17.11 2074  
a 202.4 MHz in CDCl3 at 300K 
 







Figure 4.2 31P{1H} NMR spectrum of 22 (202.4 MHz, CDCl3, 300K). * 195Pt satellite 




The 1H NMR spectra of the complexes exhibit the same pattern of pentacene 
proton  signals which include one singlet (H5,7,12,14) and two double doublets (H1,4,8,11 
and H2,3,9,10), indicating a D2h symmetry of the complexes in solution. Similarly, 
31P{1H} NMR spectra of all the complexes except 22 show sharp singlets with 195Pt 
satellites (Table 4.1). The 1JPt-P coupling constants of 2074 – 2409 Hz are consistent 
with a trans-orientation of phosphines.9 The spectrum of 22 displays a doublet and a 
triplet with intensity ratio 2:1 which are ascribable to the ligands PEt3 and PPh3, 
respectively (Figure 4.2). The magnitude of 2JP-P (22 Hz) is consistent with the cis-
orientation of the two ligands.10 
 
4.2.2 X-ray Crystal Structures 
X-ray quality crystals could be obtained for all the complexes except 18a. The 
crystal data and structure refinement details for the complexes are given in Appendix 
C, Table C.6 – C.8. Their solid-state structures and packing have been investigated by 
single-crystal X-ray crystallography and are shown in Figure 4.3 – 4.12. Selected 
bond lengths and angles are given in Table 4.3 – 4.8. Single crystals of 18b, 19 and 20 
were obtained by layering solutions in CH2Cl2 with MeOH, whereas single crystals of 
22 – 24 were obtained by vapor diffusion of Et2O into solutions in acetone or CH2Cl2. 
All the crystals are dark green in color. 
The PtII ions of the complexes show distorted square planar geometry with C-
Pt-P angle of 80.2(3)o – 92.33(14)o and P-Pt-X angle of 87.70(14)o – 101.89(8)o (X is 
the donor atom of the auxiliary ligand). The two trialkylphophines are in trans 
configuration (P1-Pt-P2 = 173.11(10)° – 177.24(3)°) and the Pt-P bond lengths 
(2.2959(13) – 2.321(3) Å) are typical for PtII-tertiary-phosphine compounds.9c, 11 The 
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Pt ions in 22 show severer deviation from ideal square planar geometry due to the 
steric repulsion between the PEt3 and PPh3 ligands which causes the Et3P-Pt-PEt3 
linkage to bend toward pentacenyl ring (P1-Pt-P2 angle = 162.48(8)°) and elongation 
of the Pt-PEt3 bonds (2.333(2) and 2.346(2) Å). The Pt-PPh3 bond distance of 2.308 
(2) Å falls in the normal range of Pt-PPh3 bond length (2.29 – 2.37 Å).12 Despite 
different electronic properties of the auxiliary ligands, the Pt-C(acetylide) distances in 
the complexes are rather similar (1.984(9) – 1.963(9) Å). The Pt-X bond distances are 
normal.9d, 13  
Table 4.2 shows the dihedral angles between coordination planes and between 
coordination plane and the aromatic ring. In 18b, 19, 20 and 22, the coordination 
planes of the two Pt ions are parallel to each other and make dihedral angles of 72.82° 
– 89.14° with the central pentacenyl ring. Notably, the coordination planes in 18b and 
20 are almost perpendicular to the aromatic ring (dihedral angle = 89.14° and 87.45o. 
On the other hand, in 23 and 24 the two coordination planes are staggered (dihedral 
angle = 54.82° and 32.91°, respectively) and the dihedral angles between the planes 
and the pentacenyl rings fall in the range of 59.58° – 78.24°.  
 
Table 4.2 Dihedral angles between coordination planes of [Pt1] and [Pt1A/Pt2] and 
mean planes of pentacene ([P]). 
Dihedral angle [Pt1] – [P] [Pt1A/Pt2] – [P] [Pt1] – [Pt1A/Pt2] 
18b  89.14 89.14 0.00 
19  72.82 72.82 0.00 
20  87.45 87.45 0.00 
22  73.12 73.12 0.00 
23  59.58 69.21 54.82 





Figure 4.3 ORTEP plot of 18b (thermal ellipsoids drawn at 50% probability level). H 





Table 4.3 Selected bond lengths (Å) and angles (deg) of 18b. 
Bond lengths  Bond angles  
Pt(1)-C(1)  1.971(4) C(1)-Pt(1)-I(1) 177.48(10) 
Pt(1)-P(1) 2.3081(10) P(1)-Pt(1)-P(2) 177.24(10) 
Pt(1)-P(2)  2.3140(10) C(1)-Pt(1)-P(2) 86.92(10) 
Pt(1)-I(1) 2.6545(3) I(1)-Pt(1)-P(2) 93.90(3) 
C(1)-C(2) 1.202(5) C(1)-Pt(1)-P(1) 90.98(10) 
  P(1)-Pt(1)-I(1) 88.13(3) 
  Pt(1)-C(1)-C(2) 178.7(3) 






Figure 4.4 Solid-state packing of 18b showing possible C-H ···π interactions between 
H atoms (light gray) of butyl groups and the pentacenyl rings (d1 = 2.704 Å; d2 = 
2.845 Å; d3 = 2.876 Å; d4 = 2.853 Å; d5 = 2.845 Å; d6 = 2.883 Å). 
 
The pentacenyl rings of 18b, 19•2CH2Cl2 and 22•2H2O are widely separated 
(interplanar separation > 6 Å) and parallel in the crystals. It is noted that some H 
atoms of the butyl groups (18b) and the ethyl groups (19 and 22) are close to the 
pentacenyl rings with calculated H(Bu/Et) – C(pentacenyl ring) distances of 2.704 – 
2.893 Å which fall within the range of C-H···π hydrogen bond,14 suggesting the 
presence of the interactions (Figure 4.4). The interactions are also detected in the 
packings of other complexes and in line with the proposed pattern of C-H···π contact 





Figure 4.5 ORTEP plot of 19•CH2Cl2 (thermal ellipsoids drawn at 50% probability 
level). H atoms and solvent molecules are not shown for clarity. Color Scheme: Pt 
(green), P (orange), C (grey), S (yellow). 
 
 
Table 4.4 Selected bond lengths (Å) and angles (deg) of 19•CH2Cl2. 
Bond lengths  Bond angles  
Pt(1)-C(1)  1.966(8) C(1)-Pt(1)-S(1) 177.7(3) 
Pt(1)-P(1) 2.321(2) P(1)-Pt(1)-P(2) 176.58(8) 
Pt(1)-P(2)  2.312(2) C(1)-Pt(1)-P(2) 90.8(2) 
Pt(1)-S(1) 2.363(2) S(1)-Pt(1)-P(2) 88.97(8) 
C(1)-C(2) 1.210(11) C(1)-Pt(1)-P(1) 87.4(2) 
  P(1)-Pt(1)-S(1) 92.89(7) 
  Pt(1)-C(1)-C(2) 176.8(7) 





Figure 4.6 ORTEP plot of 20 (thermal ellipsoids drawn at 50% probability level). H 
atoms and disordered ethyl groups are not shown for clarity. Color Scheme: Pt (green), 




Table 4.5 Selected bond lengths (Å) and angles (deg) of 20. 
Bond lengths  Bond angles  
Pt(1)-C(1)  1.971(5) C(1)-Pt(1)-C(7) 179.1(2) 
Pt(1)-P(1) 2.2975(13) P(1)-Pt(1)-P(2) 176.68(5) 
Pt(1)-P(2)  2.2959(13) C(1)-Pt(1)-P(2) 87.23(14) 
Pt(1)-C(7) 1.990(5) C(7)-Pt(1)-P(2) 92.68(14) 
C(1)-C(2) 1.233(7) C(1)-Pt(1)-P(1) 92.33(14) 
  P(1)-Pt(1)-C(7) 87.70(14) 
  Pt(1)-C(1)-C(2) 175.2(4) 
  C(1)-C(2)-C(6) 171.1(5) 
 
 
The pentacenyl rings in the crystals of 20 (Figure 4.7) and 23•CH2Cl2 (Figure 
4.10) slightly overlap in a head-to-tail fashion, forming staircase-like patterns. The 
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two overlapped rings in 23 are offset along the short axes of the rings. While the rings 
in 20 are uniformly separated by 3.466 Å (perpendicular distance between the mean 
planes of the rings), the ones in 23 are alternately separated by 3.477 and 3.422 Å. 










Figure 4.7 (a) π···π stacking of 20 (top view). Distance between 2 π-stacked 




Figure 4.8 ORTEP plot of 22•2H2O (thermal ellipsoids drawn at 50% probability 
level). H atoms, anions and water molecules are not shown for clarity. Color Scheme: 
Pt (green), P (orange), C (grey). 
 
 
Table 4.6 Selected bond lengths (Å) and angles (deg) of 22•2H2O. 
Bond lengths  Bond angles  
Pt(1)-C(1)  1.975(8) C(1)-Pt(1)-P(5) 173.8(2) 
Pt(1)-P(1) 2.333(2) P(1)-Pt(1)-P(2) 162.48(8) 
Pt(1)-P(2)  2.346(2) C(1)-Pt(1)-P(2) 82.5(3) 
Pt(1)-P(5) 2.308(2) P(5)-Pt(1)-P(2) 95.60(8) 
C(1)-C(2) 1.212(12) C(1)-Pt(1)-P(1) 80.2(3) 
  P(1)-Pt(1)-P(5) 101.89(8) 
  Pt(1)-C(1)-C(2) 176.3(8) 





Figure 4.9 ORTEP plot of 23•2CH2Cl2 (thermal ellipsoids drawn at 30% probability 
level). H atoms, anions, solvent molecules and disordered ethyl groups are not shown 
for clarity. Color Scheme: Pt (green), P (orange), C (grey), N (light blue).  
 
Table 4.7 Selected bond lengths (Å) and angles (deg) of 23•2CH2Cl2. 
Bond lengths Bond angles 
Pt(1)-C(1)  1.963(9) C(1)-Pt(1)-N(1) 177.0(4) 
Pt(1)-N(1) 2.088(8) P(1)-Pt(1)-P(2) 173.11(10) 
Pt(1)-P(1)  2.302(3) C(1)-Pt(1)-P(2) 89.1(3) 
Pt(1)-P(2) 2.321(3) N(1)-Pt(1)-P(2) 93.2(2) 
C(1)-C(2) 1.213(13) N(1)-Pt(1)-P(1) 91.3(2) 
  C(1)-Pt(1)-P(1) 86.5(3) 
  Pt(1)-C(1)-C(2) 176.5(9) 
  C(1)-C(2)-C(6) 173.7(11) 
Pt(2)-C(4)  1.951(11) C(4)-Pt(2)-N(2) 176.4(4) 
Pt(2)-N(2) 2.087(8) P(4)-Pt(2)-P(3) 176.54(10) 
Pt(2)-P(4)  2.311(3) C(4)-Pt(2)-P(4) 89.1(3) 
Pt(2)-P(3) 2.316(3) C(4)-Pt(2)-P(3) 87.9(3) 
C(3)-C(4) 1.193(14) N(2)-Pt(2)-P(4) 92.0(2) 
  N(2)-Pt(2)-P(3) 91.1(2) 
  Pt(2)-C(4)-C(3) 176.3(10) 








Figure 4.10 (a) π···π stacking of 23•2CH2Cl2 (top view). Alternate distances between 





Figure 4.11 ORTEP plot of 24 (thermal ellipsoids drawn at 30% probability level). H 
atoms, anions and disordered xylyl groups are not shown for clarity. Color Scheme: Pt 
(green), P (orange), C (grey), N (light blue). 
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Table 4.8 Selected bond lengths (Å) and angles (deg) of 24. 
Bond lengths Bond angles 
Pt(1)-C(1)  1.984(9) C(1)-Pt(1)-C(5) 176.9(4) 
Pt(1)-C(5) 1.928(9) P(1)-Pt(1)-P(2) 174.35(9) 
Pt(1)-P(1)  2.300(3) C(1)-Pt(1)-P(2) 89.1(3) 
Pt(1)-P(2) 2.317(2) C(5)-Pt(1)-P(2) 93.0(3) 
C(1)-C(2) 1.210(12) C(5)-Pt(1)-P(1) 92.6(3) 
  C(1)-Pt(1)-P(1) 85.3(3) 
  Pt(1)-C(1)-C(2) 175.2(8) 
  C(1)-C(2)-C(6) 177.8(10) 
Pt(2)-C(4)  1.986(9) C(4)-Pt(2)-C(7) 179.2(5) 
Pt(2)-C(7) 1.960(6) P(4)-Pt(2)-P(3) 174.83(8) 
Pt(2)-P(4)  2.309(3) C(4)-Pt(2)-P(4) 89.7(3) 
Pt(2)-P(3) 2.320(2) C(4)-Pt(2)-P(3) 85.6(3) 
C(3)-C(4) 1.198(13) C(7)-Pt(2)-P(4) 89.9(4) 
  C(7)-Pt(2)-P(3) 94.8(4) 
  Pt(2)-C(4)-C(3) 171.7(10) 
  C(4)-C(3)-C(13) 174.4(11) 
 
 
The pentacenyl rings in the crystal of 24 form a 2D herringbone pattern 
(Figure 4.12) similar to that of pentacene. Each pentacenyl ring is involved in edge-
to-face C-H···π interactions with the rings in two adjacent columns. The interacting 
rings are nearly perpendicular to each other, showing a dihedral angle of 87.95° which 
is larger than the corresponding angle (51.78°) in the crystal of pentacene.16 The 
terminal H1, H2, H8 and H9 of a pentacenyl ring are directed to the first and second 
rings of its two adjacent pentacenyl rings. The centroid-centroid distance between the 
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terminal (6-membered) ring of the first molecule and the second (6-membered) ring of 
the adjacent molecule is 5.146 Å (4.713 Å for pentacene). The distance is typical for 








Figure 4.12 (a) Edge-to-face C-H···π interactions between two molecules of 22 (b) 
Herringbone pattern of the pentacenyl rings of 22. For clarity, only the pentacenyl 
rings are shown. 
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4.2.3 Electronic Absorption Spectra  
Figure 4.13 and 4.14 show the absorption spectra of the complexes and 
spectral data are summarized in Table 4.9. Complex 18a is sparingly soluble and 
therefore only its solution emission was measured. All the complexes display four 
absorption bands: a broad intense vibronic band in 500 – 770 nm (I), a weak and 
narrow band around 435 – 444 nm (II), a shoulder in 356 – 377 nm (III) and a very 
strong peak at 314 – 320 nm (IV). The spectra of pentacene and 17 display similar 
absorptions but at higher energies. The absorption bands are assigned to 1π→π* 
transitions primarily localized in the 6,13-pentacenyldiacetylide ligand. Pentacene 
belongs to a class of molecules called alternant hydrocarbons which exhibit intense 
absorptions arising from four electronic transitions, namely HOMO→LUMO 
(1Ag→1B1u), HOMO-1→LUMO (1Ag→1B2u), HOMO→LUMO+1 (1Ag→1B2u) and 
HOMO-1→LUMO+1 (1Ag→1B1u). The second and third transitions lead to the two 
degenerate 1B2u excited states which undergo strong configuration interaction to give 
a high energy “plus” state +2u1B  and a low energy “minus” state −2u1B .18 Although the 
symmetry of the Pt2-complexes and pentacene is different, there is still a direct 
correspondence between the 4 absorption bands displayed by the complexes and the 4 
electronic transitions of pentacene.  The band I in the spectra of the complexes 
corresponds to the HOMO→LUMO (1Ag→1B1u) transition which is also known as S0 
(singlet ground state)→S1(the lowest energy singlet excited state) transition. The 
intense band IV corresponds to the HOMO-1→LUMO+1 (1Ag→1B1u) transition. The 
shoulder III is attributed to the transition to the “plus” state +2u1B (1Ag→ +2u1B ). The 
weak absorption II is ascribable to the transition to the “minus” state (1Ag→ −2u1B ). 
The transition is pseudo-parity forbidden and accordingly weak. That the transition is 
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observed in the spectra of the complexes indicates the electronic structure of the 
pentacenyl ring is significantly perturbed by the Pt ions and the ethynyl groups. 
Similar intensification of the forbidden 1Ag→ −2u1B  transition has been observed in 
AuI and PtII-pyrene19 and –anthracene20 complexes, and is taken as evidence for metal 
perturbation. 
 
Table 4.9 Absorption spectroscopic data of the complexes. 
Complex 
Band I 




(ε, 10-4 M-1cm-1) 
Band IV 
(ε, 10-4 M-1cm-1) 
18a  a a a a 
18b  
687 (3.20), 632 
(1.78), 586 
(0.62) (s) 




694 (3.04), 637 
(1.73), 589 
(0.66) (s) 




696 (3.32), 639 
(1.89), 590 
(0.66) (s) 
444 (0.36) 377 (2.41) 320 (29.60) 
22  
664 (3.34), 610 
(1.73), 564 
(0.59) (s) 
435 (0.34), 410 
(0.40) (s) 




666 (2.80), 613 
(1.53), 565 
(0.54) (s) 
436 (0.30), 410 
(0.37) (s) 
363 (1.45)  315 (26.97) 
24  
662 (3.80), 609 
(2.04), 563 
(0.74) (s) 
439 (0.44), 413 
(0.50), 395 
(0.74) 
356 (1.70) (s), 
341 (3.26) (s) 
314 (20.73) 










































































Comparing the spectra of the complexes with that of 17 shows that replacing 
the triisopropylsilyl groups with the [L(R3P)2Pt]n+ ions (R = ethyl or butyl, n = 0 or 1) 
leads to red-shift of the four transitions. While the band III is red-shifted only slightly 
(~250 cm-1), energies of the bands I, II and IV are lowered by 450 – 1200 cm-1, 480 – 
2000 cm-1 and 400 – 1000 cm-1, respectively. The energy of the HOMO→LUMO 
(which corresponds to the band I of the complexes) transition of pentacene is lowered 
by 1540 cm-1 by substitution of triisopropylsilylethynyl groups at 6- and 13-positions. 
The result shows that platination and alkynation collectively red-shifts the transition 
up to 2740 cm-1 (0.34 eV).  
Interestingly, the complexes can be divided into two groups based on the 
energies of their HOMO→LUMO transitions. The neutral complexes have similar 
HOMO→LUMO transition energies (λmax = 687 – 696 nm) which are invariably 
lower than those of the cationic complexes (λmax = 662 – 664 nm). In addition, the 
neutral complexes show broader bands I. Although the red-shift (440 – 740 cm-1) is 
small, it is significant as it clearly indicates that the absorption energy is sensitive to 
the remote auxiliary ligand L. Notably, while 22, 23 and 24 do not show any 
significant absorption beyond 700 nm, the bands I of 18b, 19 and 20 extend into the 
NIR region.  
 
4.2.4 Emission Spectroscopy 
All the complexes are photoluminescent and their solution and solid state 
emission spectra are shown in Figures 4.16 and 4.17, respectively. The fluorescence 
of 18a,b, 19 and 20 spans from 650 nm to 900 nm and 22, 23 and 24 from 630 nm to 
850 nm. Lifetime and quantum yield of the solution emission are listed in Table 4.10.  
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Figure 4.16 Emission spectra of 18a,b – 20 in CH2Cl2 at room temperature. The 
excitation wavelength is 565 nm. 
 
 





















Figure 4.17 Emission spectra of 22 – 24 in CH2Cl2 at room temperature. The 


















18a 710 779a 4.0 c 
18b 713 768 5.0 0.072 
19 723 778a 3.2 0.025 
20 726 b 2.7 0.025 
22 675 b 8.9 0.162 
23 686 b 6.0 0.079 
24 677 b 5.8 0.082 
a the emission intensity is very weak 
b non-emissive 
c not determined accurately because of the poor solubility of 18a 
 
 
The nanosecond lifetimes (2.7 – 8.9 ns) and small Stokes shift between the 
emission and the HOMO→LUMO transition suggest the luminescence is 
HOMO←LUMO (S0←S1) fluorescence centered in the pentacenyl ring. Quantum 
yields of the emission range from 0.025 to 0.162. Similar to the absorptions, the 
fluorescence of the complexes are red-shifted from the fluorescence of 17 (λmax = 656 
nm) and pentacene (λmax = 578 nm) by 430 – 1470 and 2490 – 3530 cm-1, respectively. 
In accord with the energies of the HOMO→LUMO transitions, the emissions of 18a,b, 
19 and 20 (λmax = 710 – 726 nm) are 490 – 1040 cm-1 lower than those of 22, 23 and 
24 (λmax = 675 – 686 nm). Table 4.11 shows the percentage of emission intensity in 





Figure 4.18 A photograph showing emission colors of 22, 18b, 20 (from left to right). 
 
Table 4.11 Percentage of emission intensity at wavelength < or > 700 
nm. 
compounds < 700 nm (%) > 700 nm (%) 
18a 22.7 77.3 
18b 18.7 81.3 
19 12.2 87.8 
20 11.6 88.4 
22 65.8 34.2 
23 49.3 50.7 
24 57.0 43.0 
 
While only 34.2 – 50.57 % of the total fluorescence intensity of 22, 23 and 24 
is at wavelengths longer than 700 nm , the emissions of 18a,b, 19 and 20 lie mainly 
(77.3 – 87.3 % of total emission intensity) in the NIR region. Accordingly the 
complexes can be regarded as NIR emitters. Solids of 18a,b and 19 (λmax = 768 – 779 
nm) display emissions lower in energy than the corresponding solution emissions 
(Figure 4.19). The solid state luminescence of 18a and 19 are weak and solids of 20, 
22 – 24 are not emissive.  
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Wavelength (nm)  
Figure 4.19 Solid state emission spectra of 18a (brown), 18b (black) and 19 (orange) 
at room temperature. Excitation wavelength is 560 nm. 
 
 Given the orbital parentage of the absorption and emission, the energies of the 
transitions can be used to gauge the HOMO-LUMO gaps. In view of the localization 
of the excited state in the pentacenyl ring, it is reasonable to assume that the exchange 
interaction and electron-electron repulsion in the lowest energy singlet excited states 
of the complexes, and 17 and pentacene are similar. And according to the energies of 
HOMO→LUMO transitions, the HOMO-LUMO gaps follow the order of 18a,b, 19, 
20 < 22, 23, 24 < 17 < pentacene. Recent computational studies21 showed that the 
HOMO-LUMO gap in 17 is reduced because of the inductive effect of the sp-
hybridized ethynyl substituents which preferentially stabilize the LUMO more than 
the HOMO. The reduced HOMO-LUMO gaps in the Pt2-complexes are partly due to 
the inductive effect of the ethynyl groups. Replacing the triisopropylsilyl groups with 
the positively charged [L(Et3P)2Pt]2+ (L = pyridine, PPh3, 2,6-xylyl isocyanide) could 
increase the inductive effect, leading to further decrease of the HOMO-LUMO gaps. 
The neutral complexes with π-donating anionic ligands L show the largest red-shift, 
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and hence the smallest HOMO-LUMO gaps. In Chapter 2, it is shown that the 
absorption and fluorescence of [I(Et3P)2Pt]2-tetracenyldiacetylide (λmax = 572 nm) are 
lower in energy than (Ph3PAuI)2-tetracenyldiacetylide (λmax = 553 nm). As the PtII 
ions are stronger π-donor than the electrophilic AuI ion, the result highlights the effect 
of π-interactions on the energies of the frontier π- and π*-orbitals of the acene. It is 
possible that the small HOMO-LUMO gaps in 18a,b – 20 are due to orbitals 
interactions between the [L(Et3P)2Pt] (L = I-, PhS-, PhC2-). The results from Chapter 3 
show that the HOMO of tetracenyldiacetylide is higher in energy than the dπ-orbitals 
of the Pt ion in [I(Et3P)2Pt]+ fragment. Accordingly, the 5dπ-orbitals of the Pt ions 
should be lower in energy than the HOMO of the 6,13-pentacenyldiacetylide which is 
more extensively π-conjugated than the 5,12-tetracenyldiacetylide. The π-donating 
and anionic L is expected to destabilize the dπ-orbital of the Pt ions, reducing the 
energy gap between the metal orbitals and the HOMO of 6,13-pentacenyldiacetylide 







According to second order perturbation theory,22 decreasing the energy gap 
would lead to strong metal-ligand orbital interactions which results in a more 
destabilized HOMO and LUMO. Since the dπ-orbitals are closer to the HOMO than 
to the LUMO in energy, the HOMO should be more destabilized than the LUMO by 
the metal π-donation. The overall result is a smaller HOMO-LUMO gap (Scheme 4.4). 
On the other hand, the 5dπ-orbitals of the Pt ions in the cationic complexes should be 
lower in energy than those of the neutral complexes.  As the gap between the metal 
and ligand orbitals increases, the π-interactions become weaker and hence smaller 
red-shift of the absorption and fluorescence. 
 
4.3 Conclusion 
In this Chapter, it is demonstrated that the electronic structure of 6,13-
pentacenyldiacetylide can be perturbed by PtII coordination. The extent of 
perturbation, as reflected by the red-shift of the absorption and fluorescence, is 
sensitive to the electronic properties of the auxiliary ligands of the Pt ions. The π-
donating and anionic auxiliary ligands have stronger perturbation than the π-accepting, 
neutral ones. The fluorescence of the complexes is mainly based on the pentacenyl 
ring and the Pt ions appended with π-donating, anionic ligand can shift the 
fluorescence to NIR region. The combined perturbations of alkynation and platination 
lowered the HOMO→LUMO transition up to 0.34 eV. 
 
4.4 Experimental Section 
4.4.1 General Methods 
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 All syntheses were carried out in a N2 atmosphere. All the solvents used for 
synthesis and spectroscopic measurements were purified according to the literature 
procedures. trans-Pt(PEt3)2I2,23 trans-Pt(PBu3)2I2,24 and 6,13-
bis(triisopropylsilylethynyl)pentacene25 were prepared according to reported 
procedures. 
4.4.2 Physical Methods 
 Instrumental details for NMR experiments, elemental analyses, ESI-MS, UV-
Vis absorption and emission spectroscopy, emission lifetime measurements, are the 
same as stated in Chapter 2. Cresyl violet was used as a standard in measuring the 
emission quantum yields.26 
X-ray Crystallography: Data collection and structure refinement details are 
the same as stated in Chapter 2. 
One of the ethyl groups in 20 is disordered into two positions with occupancy 
ratio of 56:44. The OTf anion in 22 is disordered. It is split into two halves one is 
situated near a two-fold axis and requires a disordered water to fill up the space. The 
H atoms of the water are not located. The other is situated at the two-fold axis and 
does not need a solvent. Two of the ethyl groups in 23 are disordered. One is the 
terminal C atom disordered into two positions with occupancy ratio of 58:42 and the 
other ethyl group is disordered into two positions with occupancy ratio of 73:27. One 
of the 2,6-xylyl isocyanide groups and most of the ethyl groups in 24 are disordered. 





[I(Et3P)2PtII]2-Pentacenyldiacetylide (18a). To a 250 ml Schlenk flask was 
charged PtI2(PEt3)2 (600 mg, 0.911 mmol), iPr2NH (5 ml), Bu4NF (250 mg, 0.800 
mmol), CuI (10 mg) and CH2Cl2 (30 ml). To the mixture was added dropwise a 
CH2Cl2 solution (100 ml) of 6,13-bis(triisopropylsilylethynyl)pentacene (100 mg, 
0.156 mmol) over 5h by using an equalizing funnel. The resulting solution was stirred 
overnight and all the solvents were reduced to dryness. The dark green product was 
collected from column chromatography (silica gel, 20 cm x 4 cm column, hexane : 
dichloromethane 2:1 then 1:1, v/v). Yield: 160 mg, 71%. Anal. Calcd (%)  for 18a 
(C50H72I2P4Pt2): C, 41.68; H, 5.04. Found: C, 41.26; H, 4.72. 1H NMR (500 MHz, 
CDCl3) δ 9.34 (s, 4H, H5,7,12,14), 7.92 (dd, J = 3.1, 6.9 Hz, 4H, H1,4,8,11), 7.33 (dd, J = 
3.1, 6.9 Hz, 4H, H2,3,9,10), 2.30-2.26 (m, 24H, PCH2CH3), 1.30-1.23 (m, 36H, 
PCH2CH3). 31P{1H} NMR (202.4 MHz, CDCl3) δ 9.63 (s, 1JPt-P = 2319 Hz). ESI-MS: 
m/z 1440.0, [M]+. 
[I(Bu3P)2PtII]2-Pentacenyldiacetylide (18b). To a 250 ml Schlenk flask was 
charged PtI2(PBu3)2 (400 mg, 0.468 mmol), iPr2NH (5 ml), Bu4NF (100 mg, 0.320 
mmol), CuI (10 mg) and CH2Cl2 (30 ml). To the mixture was added dropwise a 
CH2Cl2 solution (100 ml) of 6,13-bis(triisopropylsilylethynyl)pentacene (46 mg, 
0.072 mmol) over 5h by using an equalizing funnel. The resulting solution was stirred 
overnight and all the solvents were reduced to dryness. The dark green product was 
collected from column chromatography (silica gel, 10 cm x 4 cm column, hexane : 
dichloromethane 4:1). Yield: 62 mg, 48%. X-ray-quality crystals of 18b were 
obtained from CH2Cl2/MeOH at room temperature. Anal. Calcd (%)  for 18b 
(C74H120I2P4Pt2): C, 50.00; H, 6.80. Found: C, 50.21; H, 7.01. 1H NMR (500 MHz, 
CDCl3) δ 9.31 (s, 4H, H5,7,12,14), 7.90 (dd, J = 3.1, 6.9 Hz, 4H, H1,4,8,11), 7.31 (dd, J = 
3.1, 6.9 Hz , 4H, H2,3,9,10), 2.23-2.20 (m, 24H, PCH2CH2CH2CH3), 1.68-1.67 (m, 24H, 
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PCH2CH2CH2CH3), 1.41-1.34 (m, 24H, PCH2CH2CH2CH3), 0.86-0.83 (t, 36H, 
PCH2CH2CH2CH3). 31P{1H} NMR (202.4 MHz, CDCl3) δ 1.26 (s, 1JPt-P = 2300 Hz). 
ESI-MS: m/z 1777.3, [M]+. 
  [C6H5S(Et3P)2PtII]2-Pentacenyldiacetylide (19). To a suspension of 18a (40 
mg, 0.028 mmol) in CH2Cl2 (15 ml) was added thiophenol (0.1 ml, 1 mmol) and NEt3 
(0.2 ml, 1.3 mmol). The resulting mixture was stirred for 2 h and the solvent was then 
reduced by rotovapor. The addition of excess MeOH afforded dark green solid. The 
product was filtered and thoroughly washed with MeOH and then dried in vacuo. 
Yield: 28 mg, 72%. X-ray-quality crystals of 19 were obtained from CH2Cl2/MeOH at 
-20o. Anal. Calcd (%)  for 19 (C62H82P4Pt2S2): C, 52.98; H, 5.88; S, 4.56. Found: C, 
52.79; H, 5.83; S, 4.46. 1H NMR (500 MHz, CDCl3) δ 9.39 (s, 4H, H5,7,12,14), 7.95 (dd, 
J = 3.1, 6.3 Hz, 4H, H1,4,8,11), 7.64 (d, J = 7.6 Hz, 4H, o-C6H5), 7.34 (dd, 4H, H2,3,9,10), 
7.11 (t, J = 7.6 Hz, 4H, m-C6H5), 6.95 (t, J = 7.6 Hz, 2H, p-C6H5), 2.13-2.08 (m, 24H, 
PCH2CH3), 1.29-1.23 (m, 36H, PCH2CH3). 31P{1H} NMR (202.4 MHz, CDCl3) δ 
13.37 (s, 1JPt-P = 2409 Hz). ESI-MS: m/z 1404.2, [M]+. 
  [C6H5C≡C(Et3P)2PtII]2-Pentacenyldiacetylide (20). To a suspension of 18a 
(50 mg, 0.035 mmol) in CH2Cl2 (15 ml) was added CuI (3 mg), triethylamine (5ml) 
and phenylacetylene (0.1 ml, 0.892 mmol). Upon stirring 0.5 h, the suspension turned 
to a clear green solution. The resulting mixture was further stirred overnight and all 
the solvents were removed in vacuo. The dark green product was isolated from 
column chromatography (aluminum oxide, 10 cm × 2 cm column, 
hexane/dichromethane 1:1, v/v). Yield 35 mg, 73%. X-ray-quality crystals of 20 were 
obtained from CH2Cl2/MeOH at room temperature. Anal. Calcd (%)  for 20 
(C66H82P4Pt2): C, 57.05; H, 5.95. Found: C, 57.28; H, 5.44. 1H NMR (500 MHz, 
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CDCl3) δ 9.38 (s, 4H, H5,7,12,14), 7.91 (dd, J = 3.1, 6.3 Hz, 4H, H1,4,8,11), 7.36 (d, J =  
7.5 Hz, 4H, o-C6H5), 7.31 (dd, J = 3.1, 6.3 Hz, 4H, H2,3,9,10), 7.27-7.24 (m, 4H, m-
C6H5), 7.16 (t, J = 7.6 Hz, 2H, p-C6H5), 2.29-2.25 (m, 24H, PCH2CH3), 1.36-1.29 (m, 
36H, PCH2CH3). 31P{1H} NMR (202.4 MHz, CDCl3) δ 12.32 (s, 1JPt-P = 2369 Hz). 
ESI-MS: m/z 1388.3, [M]+. 
[Ph3P(Et3P)2PtII]2-Pentacenyldiacetylide (22). To a suspension of 18a (25 
mg, 0.017 mmol) in CH2Cl2 was added AgOTf (25 mg, 0.097 mmol) with stirring at 
room temperature over 0.5 h in the absence of light. The resulting mixture was filtered 
under argon and excess triphenylphosphine (100 mg) was added. The solution was 
stirred for 2 h and the solvent was then reduced by rotovapor. The titled compound 
was precipitated by addition of excess Et2O. Yield: 32 mg, 92%. Slow diffusion of of 
Et2O into an acetonic solution at room temperature afforded dark green crystals 
suitable for X-ray crystallography study.  Anal. Calcd (%) for 22 
(C88H102F6O6P6Pt2S2): C, 52.59; H, 5.12; S, 3.19. Found: C, 52.23; H, 4.77; S, 3.12. 
1H NMR (500 MHz, CDCl3) δ 9.24 (s, 4H, H5,7,12,14), 8.03-8.01 (m, 4H, H1,4,8,11), 
7.89-7.86 (m, 12H, o-C6H5), 7.64-7.63 (m, 18H, m,p-C6H5), 7.48-7.46 (m, 4H, 
H2,3,9,10), 1.56 (unresolved multiplet, 24H, PCH2CH3), 1.10-1.07 (m, 36H, PCH2CH3). 
31P{1H} NMR (500 MHz, CDCl3) δ 11.76 (t, 1JPt-P = 2547 Hz, 2JP-P = 22 Hz, PPh3), 
9.03 (d, 1JPt-P = 2160 Hz, 2JP-P = 22 Hz, PEt3) . ESI-MS: m/z 855.6, [M – 2OTf]2+.  
[C5H5N(Et3P)2PtII]2-Pentacenyldiacetylide (23). To a suspension of 18a (32 
mg, 0.022 mmol) in CH2Cl2 was added AgOTf (20 mg, 0.072 mmol) with stirring at 
room temperature over 0.5 h in the absence of light. The resulting mixture was filtered 
under argon and excess pyridine was added. The solution was stirred for 2 h and the 
solvent was then reduced by rotovapor. The titled compound was precipitated by the 
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addition of excess Et2O. Yield: 85%. Dark green crystals of 23 were grown by slow 
diffusion of Et2O into a CH2Cl2 solution at room temperature. Anal. Calcd (%) for 23 
(C62H82F6N2O6P4Pt2S2): C, 45.31; H, 5.03; N, 1.70; S, 3.90. Found: C, 45.22; H, 5.07; 
N, 1.66; S, 4.19. 1H NMR (500 MHz, CDCl3) δ 9.17 (s, 4H, H5,7,12,14), 8,74 (d, J = 5.7 
Hz, 4H, o-C5H5N), 8.07 (t, J = 7.6 Hz, 2H, p-C5H5N), 7.87 (unresolved multiplet, 4H, 
H1,4,8,11), 7.78-7.75 (m, 4H, m-C5H5N), 7.35-7.33 (unresolved multiplet, 4H, H2,3,9,10), 
1.78 (unresolved multiplet, 24H, PCH2CH3), 1.26-1.19 (m, 36H, PCH2CH3). 31P{1H} 
NMR (202.4 MHz, CDCl3) δ 16.56 (s, 1JPt-P = 2322 Hz). ESI-MS: m/z 672.1, [M – 
2OTf]2+. 
  [C6H3(CH3)2N≡C(Et3P)2PtII]2-Pentacenyldiacetylide (24). To a suspension 
of 18a (40 mg, 0.028 mmol) in acetonitrile (10 ml) was added 2,6-xylyl isonitrile (20 
mg, 0.151 mmol). Upon stirring 2 h, the suspension turned to a clear green solution. 
The addition of excess LiClO4 (100 mg) followed by Et2O afforded the titled product, 
which was collected and dried. Yield: 25 mg, 55%. Dark green crystals of 24 were 
grown by slow diffusion of Et2O into a CH2Cl2 solution at room temperature.Anal. 
Calcd (%) for 24 (C68H90Cl2N2O8P4Pt2): C, 49.55; H, 5.50; N, 1.70. Found: C, 49.60; 
H, 5.50; N, 1.75. 1H NMR (500 MHz, CDCl3) δ 9.20 (s, 4H, H5,7,12,14), 7.96-7.94 (m, 
4H, H1,4,8,11), 7.44-7.42 (m, 4H, H2,3,9,10), 7.38 (t, 2H, p-C6H3), 7.27 (d, 4H, m-C6H3), 
2.60 (s, 12H, CH3), 2.37-2.34 (m, 24H, PCH2CH3), 1.41-1.35 (m, 36H, PCH2CH3). 
31P{1H} NMR (202.4 MHz, CDCl3) δ 17.11 (s, 1JPt-P = 2074 Hz). ESI-MS: m/z 724.2, 




4.5  References  
1. (a) Escobedo, J. O.; Rusin, O.; Lim, S.; Strongin, R. M. Curr. Opin. Chem. 
Biol. 2010, 14, 64. (b) Qian, G.; Wang, Z. Y. Chem. Asian. J. 2010, 5, 1006. 
2. (a) Borek, C.; Hanson, K.; Djurovich, P. I.; Thompson, M. E.; Aznavour, K.; 
Bau, R.; Sun, Y.; Forrest, S. R.; Brooks, J.; Michalski, L.; Brown, J. Angew. 
Chem. Int. Ed. 2007, 46, 1109. (b) Won, D.-H.; Toganoh, M.; Terada, Y.; 
Fukatsu, S.; Uno, H.; Furuta, H. Angew. Chem. Int. Ed. 2008, 47, 5438. 
3. (a) Arunkumar, E.; Forbes, C. C.; Noll, B. C.; Smith, B. D. J. Am. Chem. Soc. 
2005, 127, 3288. (b) Arunkumar, E.; Fu, N.; Smith, B. D. Chem. Eur. J. 2006, 
12, 4684. 
4. (a) Zhao, W.; Carreira, E. M. Angew. Chem. Int. Ed. 2005, 44, 1677. (b) 
McDonnell, S. O.; O'Shea, D. F. Org. Lett. 2006, 8, 3493. 
5. (a) Zucchi, G. l.; Maury, O.; Thuéry, P.; Ephritikhine, M. Inorg. Chem. 2008, 
47, 10398. (b) Ronson, T. K.; Lazarides, T.; Adams, H.; Pope, S. J. A.; Sykes, 
D.; Faulkner, S.; Coles, S. J.; Hursthouse, M. B.; Clegg, W.; Harrington, R. 
W.; Ward, M. D. Chem. Eur. J. 2006, 12, 9299. 
6. Pschirer, N. G.; Kohl, C.; Nolde, F.; Qu, J.; Müllen, K. Angew. Chem. Int. Ed. 
2006, 45, 1401. 
7. Maulding, D. R.; Roberts, B. G. J. Org. Chem. 1969, 34, 1734. 
8. Perkampus, H.-H. UV-VIS atlas of organic compounds 2nd ed.; VCH: 
Weinheim, New York, 1992. 
9. (a) Yam, V. W.-W.; Tao, C.-H.; Zhang, L.; Wong, K. M.-C.; Cheung, K.-K. 
Organometallics 2001, 20, 453. (b) Khan, M. S.; Al-Mandhary, M. R. A.; Al-
Suti, M. K.; Al-Battashi, F. R.; Al-Saadi, S.; Ahrens, B.; Bjernemose, J. K.; 
Mahon, M. F.; Raithby, P. R.; Younus, M.; Chawdhury, N.; Kohler, A.; 
132 
 
Marseglia, E. A.; Tedesco, E.; Feeder, N.; Teat, S. J. Dalton Trans. 2004, 
2377. (c) Tao, C.-H.; Zhu, N.; Yam, V. W.-W. Chem. Eur. J. 2005, 11, 1647. 
(d) Chang, X.; Lee, K.-E.; Il Jeon, S.; Kim, Y.-J.; Lee, H. K.; Lee, S. W. 
Dalton Trans. 2005, 3722. 
10. (a) Chanda, N.; Sharp, P. R. Organometallics 2007, 26, 3368. (b) Wang, B.-Y.; 
Karikachery, A. R.; Li, Y.; Singh, A.; Lee, H. B.; Sun, W.; Sharp, P. R. J. Am. 
Chem. Soc. 2009, 131, 3150. 
11. Ghosh, S.; Chakrabarty, R.; Mukherjee, P. S. Inorg. Chem. 2009, 48, 549. 
12. (a) Al-Resayes, S. I.; Hitchcock, P. B.; Nixon, J. F.; Mingos, D. M. P. J. Chem. 
Soc., Chem. Commun. 1985, 365. (b) Stang, P. J.; Kowalski, M. H.; Schiavelli, 
M. D.; Longford, D. J. Am. Chem. Soc. 1989, 111, 3347. 
13. (a) Johnson, C. A.; Haley, M. M.; Rather, E.; Han, F.; Weakley, T. J. R. 
Organometallics 2005, 24, 1161. (b) Arévalo, A.; Bernès, S.; García, J. J.; 
Maitlis, P. M. Organometallics 1999, 18, 1680. (c) Constable, E. C.; 
Housecroft, C. E.; Neuburger, M.; Schaffner, S.; Shardlow, E. J. Dalton Trans. 
2005, 234. (d) Crisp, M. G.; Tiekink, E. R. T.; Rendina, L. M. Inorg. Chem. 
2003, 42, 1057. 
14. (a) Nishio, M.; Hirota, M.; Umezawa, Y. The CH/π Interaction: Evidence, 
Nature, and Consequences. Wiley-VCH, Inc. : New York, 1998. (b) Nishio, 
M.; Hirota, M. Tetrahedron 1989, 45, 7201. (c) Nishio, M.; Umezawa, Y.; 
Hirota, M.; Takeuchi, Y. Tetrahedron 1995, 51, 8665. (d) Desiraju, G. R. Acc. 
Chem. Res. 2002, 35, 565. (e) Desiraju, G. R.; Steiner, T. The Weak Hydrogen 




15. (a) Anthony, J. E.; Eaton, D. L.; Parkin, S. R. Org. Lett. 2002, 4, 15. (b) 
Lehnherr, D.; Murray, A. H.; McDonald, R.; Ferguson, M. J.; Tykwinski, R. R. 
Chem. Eur. J. 2009, 15, 12580. (c) Roesky, H. W.; Andruh, M. Coord. Chem. 
Rev. 2003, 236, 91. (d) Janiak, C. J. Chem. Soc., Dalton Trans. 2000, 3885. 
16. Holmes, D.; Kumaraswamy, S.; Matzger, A. J.; Vollhardt, K. P. C. Chem. Eur. 
J. 1999, 5, 3399. 
17. (a) Jorgensen, W. L.; Severance, D. L. J. Am. Chem. Soc. 1990, 112, 4768. (b) 
Paliwal, S.; Geib, S.; Wilcox, C. S. J. Am. Chem. Soc. 1994, 116, 4497. (c) 
McNelis, B. J.; Nathan, L. C.; Clark, C. J. J. Chem. Soc., Dalton Trans. 1999, 
11, 1831. 
18. (a) Ham, N. S.; Ruedenberg, K. J. Chem. Phys. 1956, 25, 13. (b) Pariser, R. J. 
Chem. Phys. 1956, 24, 250. (c) Klessinger, M.; Michl, J. Excited States and 
Photochemistry of Organic Molecules. VCH: 1995. 
19. (a) Hu, J.; Yip, J. H. K.; Ma, D.-L.; Wong, K.-Y.; Chung, W.-H. 
Organometallics 2009, 28, 51. (b) Heng, W. Y.; Hu, J.; Yip, J. H. K. 
Organometallics 2007, 26, 6760. 
20. Hu, J.; Lin, R.; Yip, J. H. K.; Wong, K.-Y.; Ma, D.-L.; Vittal, J. J. 
Organometallics 2007, 26, 6533. 
21. Kaur, I.; Jia, W.; Kopreski, R. P.; Selvarasah, S.; Dokmeci, M. R.; Pramanik, 
C.; McGruer, N. E.; Miller, G. P. J. Am. Chem. Soc. 2008, 130, 16274. 
22. Albright, T. A. B., J. K.; Whangbo, M.-H. Orbital Interactions in Chemistry. 
Wiley Interscience: New York, 1985. 
23. Hannebohn, O.; Klemm, W. Z. Anorg. Allg. Chem. 1936, 229, 225. 
24. Rahn, J. A.; Baltusis, L.; Nelson, J. H. Inorg. Chem. 1990, 29, 750. 
134 
 
25. Anthony, J. E.; Brooks, J. S.; Eaton, D. L.; Parkin, S. R. J. Am. Chem. Soc. 
2001, 123, 9482. 






Asymmetric Metallation of Tetracenyl- and Pentacenyl-diacetylide: 
Formation of Multichromophoric Platinum(II) Complexes  
 
5.1 Introduction 
In Chapter 3 and 4, two series of binuclear platinum(II) complexes of 
tetracenyl- and pentacenyl-diacetylides were synthesized and spectroscopically 
studied. The results showed that the double platination and alkynylation induced the 
largest collective red-shift effect on absorption and emission energies of the tetracenyl 
and pentacenyl cores. Therefore, the synthesis of mononuclear platinum(II) 
complexes of the chromophores is desired in terms of comparison of photophysical 
changes upon platination and alkynylation  among the compounds.  
Multichromophoric systems have been receiving a great deal of attention due 
to their versatile tuning of absorption characteristics and energy transfer processes.1 
The absorption covering the whole visible region2 would be ideal for materials in 
solar energy conversion applications. Equally important is the behavior to act as light-
harvesting antennae through efficient energy transfer.3 Many multichromophoric 
systems containing various subunits such as phthalocyanine,4 porphyrin,5 rylene,6 and 
bodipy7 were dedicated for these purposes.   
In this Chapter, a new synthetic entry is presented in which the compounds 3 
and 17 are singly desilylated to form T-SiH and P-SiH, respectively. The formation 
of mononuclear platinum and multichromophoric complexes 25 – 37 based on the two 
ligands will be discussed.  Additionally, investigation of the photophysical properties 
of the complexes by electronic spectroscopy will be provided. 
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5.2 Results and Discussion 
5.2.1 Syntheses and Characterizations 
5.2.1.1 Syntheses 
As mentioned in Chapter 4, the compound P-2H was not able to be isolated 
due to its extremely poor stability. In situ generation of the compound was necessary 
for further functionalization. Similar method was applied to prepare the compounds 
T-SiH and P-SiH. The key features for successful generation of the two compounds 
are the use of 3 and 17 in excess and the slow addition of limited amounts of TBAF 
(Scheme 5.1). Bearing alkyne functional groups, T-SiH and P-SiH are able to 
undergo Sonogashira coupling reactions with various precursors containing Pt-X 




 Scheme 5.2 represents the syntheses of four mononuclear Pt(II) complexes 25 
– 28. T-SiH and P-SiH reacted with excess amounts of a “diiodide” precursor 
PtI2(PEt3)2 to produce the “monoiodide” complexes 25 and 27, respectively. In turn, 
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the “monoiodide” compounds can couple with phenyl acetylene via another 
Sonogashira reaction to give the complexes 26 and 28. 
 












































 Interestingly, excess T-SiH and P-SiH (> 2 equivalents) reacted with 
PtI2(PEt3)2 to produce two dimeric compounds 29 and 30, respectively (Scheme 5.3). 
It is reasonable to assume that the syntheses comprise two consecutive Sonogashira 
couplings. Firstly, the two “monoiodides” 25 and 27 with “Pt-I” moieties available 
were formed. Secondly, the two complexes reacted with excess T-SiH and P-SiH to 
form 29 and 30, respectively. The assumption can be verified by the successful 
isolation of 31. Indeed, the compound 27, which is assumed to be involved in the 
formation of 30, can couple with T-SiH to generate the bichromophoric complex 31. 
 Clearly, Sonogashira coupling offers a versatile entry to the syntheses of 
multichromophoric systems which consist of various chromophores. Stepwise 
functionalization of the “diiodide” precursor PtI2(PEt3)2  afforded three 
bichromophoric complexes 29 – 31. Similar strategy can be applied to other 
“diiodide” congeners such as 18b or 6b.8 In fact, the complexes 32 and 33 were 
synthesized from 18b following the above-mentioned approach (Scheme 5.4). 32 was 
formed in the presence of excess T-SiH, while excess 18b reacted with T-SiH to 
produce 33. Noteworthy is that the compound 33, a “monoiodide”, is able to undergo 
Sonogashira coupling, making way for further chemical modifications. Indeed, A-SiH 
coupled with 33 to form the unique trichromophoric complex 34 (A-P-T). Similarly, 
two trichromophoric complexes 35 and 37 (A-T-P) were prepared by the same 



































































5.2.1.2 MALDI-TOF Mass Spectrometry 
All the complexes have been characterized by NMR spectroscopy, MALDI-
TOF mass spectrometry and elemental analyses. Four complexes 26, 27, 29 and 30 
were successfully investigated by X-ray crystallography. Attempts to obtain single 
crystals suitable for X-ray crystallography of other complexes failed. However, high 
resolution MALDI-TOF mass spectroscopy undoubtedly confirms the proposed 
formulations of the complexes. Figures 5.1 – 5.9 show the molecular cluster peaks in 
MALDI-TOF mass spectra of the complexes 25, 28, 31 – 37 (for full spectra of all the 
complexes, see Appendix A, Figure A.22 – A.34). The single interval (∆m/z = 1) 
indicates singly charged molecular fragments which is assignable to [M]+ species (M 
= 25, 28, 31 – 37). The isotopic patterns of the complexes are nearly identical to the 
theoretically calculated ones.  
 









Figure 5.1 (a) MALDI-TOF-MS cluster peak for [25]+. (b) Simulated isotopic 
distribution for [25]+. 
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Figure 5.2 (a) MALDI-TOF-MS cluster peak for [28]+. (b) Simulated isotopic 













Figure 5.3 (a) MALDI-TOF-MS cluster peak for [31]+. (b) Simulated isotopic 
distribution for [31]+. 
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Figure 5.4 (a) MALDI-TOF-MS cluster peak for [32]+. (b) Simulated isotopic 
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Figure 5.5 (a) MALDI-TOF-MS cluster peak for [33]+. (b) Simulated isotopic 














Figure 5.6 (a) MALDI-TOF-MS cluster peak for [34]+. (b) Simulated isotopic 













Figure 5.7 (a) MALDI-TOF-MS cluster peak for [35]+. (b) Simulated isotopic 













Figure 5.8 (a) MALDI-TOF-MS cluster peak for [36]+. (b) Simulated isotopic 
distribution for [36]+. 
 
 








Figure 5.9 (a) MALDI-TOF-MS cluster peak for [37]+. (b) Simulated isotopic 





5.2.1.3 1H NMR Spectroscopy 
As mentioned in Chapter 3 and 4, the structures of the dinuclear platinum 
complexes of tetracenyldiacetylide and pentacenyldiacetylide are of C2v and D2h 
symmetries, respectively. Therefore, in 1H NMR spectra, the compounds 6a – 16 
showed one set of aromatic signals including one singlet (H6,11) and two double 
doublets (H1,4 and H7,10) and a multiplet arising from the overlap of the two double 
doublets for H2,3 and H8,9. Similarly, the compounds 18a,b – 24 showed one set of 
aromatic signals including one singlet (H5,7,12,14) and two double doublets (H1,4,8,11 and 
H2,3,9,10).  
 The complexes in this Chapter include asymmetrically substituted 
tetracenyl or pentacenyl cores (Scheme 5.6), showing two sets of aromatic signals 
in 1H NMR spectra. For the tetracenyl core, one set of signals is assignable for 
H1,2,9,10,11 and another is assignable for H3,4,6,7,8. For the pentacenyl core, one set of 
signals is assignable for H1,2,10,12,14 and another one is assignable for H3,4,5,7,8,9. 
Each set of signals of the aromatic cores has the same pattern to those of the 
symmetric dinuclear platinum compounds. 
 
  Notably, the signals of H6,11 in tetracene and H5,7,12,14 in pentacene are 
most deshielded in comparison to other aromatic protons. It is because of the van 
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der Waals effect which arises from the steric interactions between the aromatic 
protons and the substituents.9 Therefore the size of the substituent (auxiliary 
ligand) in the complexes 25 – 37 (Scheme 5.7 and 5.8) can be monitored by the 
chemical shifts of H6 and H11 of tetracenyl rings and H5,7 and H12,14 of pentacenyl 
rings and their differences (∆δ) (Table 5.1).  
 Scheme 5.7 denotes the complexes 25 – 31 as mononuclear platinum 
compounds with tetracenyl or pentacenyl cores. The chemical shifts of H6 (group 
A: 9.35 – 9.51 ppm) or H5,7 (group B: 9.34 – 9.50 ppm) increase accordingly with 
the size of the auxiliary ligands L (I < Phenylacetylene < T-SiH < P-SiH). 
Similarly, the differences in chemical shift between H6 and H11 (group A: ∆δ = 
0.07 – 0.21 ppm) and between H5,7 and H12,14 (group B: ∆δ = 0.06 – 0.20 ppm) 
also vary accordingly with the size of the auxiliary ligands. 
 
 Scheme 5.8 represents the structures of 32 – 37 as dinuclear platinum 
compounds with tetracenyl and pentacenyl central cores. The difference in size 
between the two auxiliary ligands (L and L′) can be gauged by the difference in 
chemical shift (∆δ) between H6 and H11 (group C) or between H5,7 and H12,14 
(group D). In 33, the difference in size between I and T-SiH is large (∆δ = 0.12). 
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However, in 34, the two ligands A-SiH and T-SiH are rather similar (∆δ = 0.01) 
and two singlets ascribable to H5,7 and H12,14 are nearly overlapped. Interestingly, 
in 37, the difference in size between A-SiH and P-SiH is small but discernable (∆δ 
= 0.02) and two sharp singlets ascribable to H6 and H11 were observed. 
 
 






H6 H11 H5,7 H12,14 
25 9.35 9.28 0.07    
26 9.41 9.26 0.15    
27    9.34 9.28 0.06 
28    9.41 9.26 0.15 
29 9.49 9.29 0.20    
30    9.50 9.30 0.20 
31 9.51 9.30 0.21 9.49 9.29 0.20 
32    9.98 9.98 0.00 
33    9.96 9.84 0.12 
34    9.97 9.96 0.01 
35 10.00 10.00 0.00    
36 9.98 9.84 0.14    
37 9.99 9.97 0.02    
a 202.4 MHz in CDCl3 for 25 – 31 and in C6D6 for 32 – 37 at 300K 
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5.2.1.4 31P{1H} NMR Spectroscopy 
Table 5.2 summarizes the 31P{1H} NMR data for the complexes 25 – 37. All 
the complexes except 33, 34, 36 and 37 show sharp singlets, each flanked with 195Pt 
satellites. The coupling constants (1JPt-P) fall in the range of 2304 – 2364 Hz, 
consistent with a trans-orientation of phosphines.10 
Table 5.2 Summary of the 31P{1H} NMR data of the complexes 25 – 37.a 








25 9.66 2309 32 5.40 2339 
26 12.41 2364 33 5.36 2344 
27 9.75 2312  1.64 2304 
28 12.55 2361 34 5.39 2337 
29 13.20 2356  5.33 2337 
30 13.42 2345 35 5.42 2339 
31 13.30 2349 36 5.40 2339 
    1.63 2312 
   37 5.42 2342 
    5.24 2347 
a 202.4 MHz in CDCl3 for 25 – 31 and in C6D6 for 32 – 37 at 300K 
 
The 31P{1H} NMR spectra of 33 and 36 have the same pattern which includes 
two widely separated singlets with 195Pt satellites (Figure 5.10). The singlets at lower 
field of 33 and 36 (5.36 and 5.40 ppm) are assignable to the phosphines of the PtII 
center with T-SiH and P-SiH ligands, respectively. The singlets at higher field (1.64 
and 1.63 ppm) are responsible to the phosphines of the PtII center with I ligands. 
 The 31P{1H} NMR spectra of 34 and 37 are rather similar, revealing two 
close singlets with intensity ratio 1:1 (Figure 5.11). The two singlets in the 
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spectrum of 34 are nearly overlapped (∆δ = 0.06 ppm) due to the rather similar 
sizes of auxiliary ligands (A-SiH and T-SiH) (Scheme 5.8). On the other hand, the 
separation between the two singlets in the spectrum of 37 is larger (∆δ = 0.18 
ppm) due to the difference in size between the two auxiliary ligands (A-SiH and 
P-SiH).  





Figure 5.10 31P{1H} NMR (202.4 MHz) spectra of 33 and 36 in C6D6 at 300K. 
 
 





Figure 5.11 31P{1H} NMR (202.4 MHz) spectra of 34 and 37 in C6D6 at 300K. 
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5.2.2 X-ray Crystal Structures 
Complexes 26, 27, 29 and 30 were fully investigated by single crystal X-
crystallography. The crystal data and structures refinement details for 26, 27, 
29•CH2Cl2 and 30 are shown in Appendix C, Tables C.9 – C.10. The ORTEP 
diagrams are shown in Figure 5.12 – 5.19 and selected bond lengths and angles are 
listed in Table 5.3 – 5.6.  
 
Figure 5.12 ORTEP plot of 26 (thermal ellipsoids drawn at 50% probability level). H 
atoms and disordered isopropyl groups are not shown for clarity. Color Scheme: Pt 
(green), P (orange), C (grey), Si (light yellow).  
 
 
Table 5.3 Selected bond lengths (Å) and angles (deg) of 26. 
Bond lengths  Bond angles  
Pt(1)-C(1)  1.991(9) C(1)-Pt(1)-C(6) 179.1(4) 
Pt(1)-P(1) 2.298(3) P(1)-Pt(1)-P(2) 177.36(11) 
Pt(1)-P(2)  2.297(3) C(1)-Pt(1)-P(2) 91.8(3) 
Pt(1)-C(6) 1.984(9) C(6)-Pt(1)-P(2) 88.0(3) 
C(1)-C(2) 1.207(12) C(1)-Pt(1)-P(1) 89.3(3) 
C(3)-C(4) 1.211(12) P(1)-Pt(1)-C(6) 91.0(3) 
  Pt(1)-C(1)-C(2) 178.9(8) 
  C(1)-C(2)-C(5) 178.9(11) 









Figure 5.13 π···π stacking between two molecules of 26: (a) top view, (b) side view, 
interplanar distance d = 3.255 Å. 
 
 
Figure 5.12 shows the X-ray crystal structure of 26 and Table 5.3 provides 
selected bond lengths and angles. In line with the proposed structure, the compound 
possesses one tetracenyl core and one metal center. The platinum center shows a 
slightly distorted square planar geometry. The angles C1-Pt1-C6, P1-Pt1-P2 are 
slightly deviated from linearity (179.1(4)o and 177.36(11)o, respectively), while the C-
Pt-P angles (88.0(3)o – 91.8(3)o) are very close to right angle. The Pt-P distances 
(2.297(3) Å and 2.298(3) Å) are similar to those of other compounds in this thesis and 
are typical for reported PtII-phosphine compounds.10c, 11 The distances Pt-C (1.991(9) 
Ǻ and 1.984(9) Å) are normal and similar to those of compounds 11 and 20.10c, 12 The 
tetracenyl ring is almost planar, yet showing a slight twist (end-to-end twist = 1.2o). 
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The aromatic ring forms with the coordination plane of PtII center a dihedral angle of 








Figure 5.14 (a) C-H···π interactions and (b) C-H···Pt interactions between two 
molecules of 26.  
 
Interestingly, π···π stacking between molecules of 26 can be detected in the 
solid state. Figure 5.13 show a pair of stacked molecules with interplanar separation 
of 3.255 Å. The rings are displaced laterally and axially. Unfortunately, the pairs do 
not extend into higher dimension via π···π stacking but propagate through C-H···π 
interactions between H atoms of ethyl groups and aromatic rings (Figure 5.14a). The 
H···C(sp2) distances range from 2.721 to 2.878 Å, falling in the range of similar 
contacts.13 Interestingly, the hydrogen bonding between H(Csp2) and Pt atom and 
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C(sp) can be perceived (Figure 5.14b). The distance H···Pt and the angle C-H-Pt 
(2.842 Å and 154.52o, respectively) are typical for anagostic interactions14 which were 
also observed in solid state structure of the dinuclear complex 11. The H···C(sp) 
distance (2.870 Å) is normal.13d 
The compound 27 crystallizes in P21/c space group. There are four 
crystallographically independent molecules of 27 in the asymmetric unit with rather 
similar bond lengths and angles. Figure 5.15a shows the structures of 4 molecules A-
D in an asymmetric unit. No π···π interactions are observed between the pentacenyl 
rings within the asymmetric unit or between adjacent units. The pentacenyl rings are 
almost parallel in A-D and B-C pairs (dihedral angles = 2.45o and 3.35o, respectively) 
and staggered in A-C and B-D pairs (dihedral angles = 25.48o and 23.93o, 
respectively). The four molecules are cemented together via C-H···π interactions in 
B-D and C-D pairs, and H···I bonding in A-B and B-D pairs (Figure 5.15c). The 
H···C(sp2) distances (2.747 – 2.891 Å) and H···I distances (2.944 – 3.141 Å) are 
normal.13 
Molecule A is chosen to represent the structure of compound 27 in solid state 
(Figure 5.15b). The selected bond lengths and angles of molecules A are listed in 
Table 5.4. The PtII center shows distorted square planar geometry. The P-Pt-P linkage 
(174.72(7)o) is slightly bent toward the pentacenyl ring. The C-Pt-P angles (86.5(2)o 
and 88.2(2)o) are slightly smaller than ideal right angle. Pt-P distances (2.307(2) Å 
and 2.320(2) Å) are typical for compounds containing trans- Pt(PEt3)2 moiety.10c, 11 
The Pt-I distance (2.6358(6) Å) is normal.12 The pentacenyl ring is almost planar and 















Figure 5.15 ORTEP plot of 27, showing (a) 4 molecules in an asymmetric unit; (b) 
molecule A (thermal ellipsoids drawn at 50% probability level). H atoms and 
disordered triethylphosphine groups are not shown for clarity. Color Scheme: Pt 
(green), P (orange), C (grey), Si (light yellow), I (purple). (c) C-H···π and H···I 







Table 5.4 Selected bond lengths (Å) and angles (deg) of 27 (molecule A). 
Bond lengths  Bond angles  
Pt(1)-C(1)  1.939(7) C(1)-Pt(1)-I(1) 173.9(2) 
Pt(1)-P(1) 2.320(2) P(1)-Pt(1)-P(2) 174.72(7) 
Pt(1)-P(2)  2.307(2) C(1)-Pt(1)-P(2) 88.2(2) 
Pt(1)-I(1) 2.6358(6) I(1)-Pt(1)-P(2) 91.21(5) 
C(1)-C(2) 1.212(10) C(1)-Pt(1)-P(1) 86.5(2) 
C(3)-C(4) 1.213(11) P(1)-Pt(1)-I(1) 94.05(5) 
  Pt(1)-C(1)-C(2) 175.2(7) 
  C(1)-C(2)-C(6) 177.2(9) 
  C(13)-C(3)-C(4) 176.6(8) 
 
 
The crystal structure of compound 29 is shown in Figure 5.16 and selected 
bond lengths and angles are shown in Table 5.5. The structure was generated through 
a two-fold axis of symmetry which passes through the PtII center. The two tetracenyl 
rings are not parallel to each other but staggered with a dihedral angle of 33.78o. The 
two longer ends of the two aromatic rings point towards the same direction. The 
structure is reminiscent of H2O2 geometry which is of C2 symmetry. The two 
tetracenyl rings resemble O-H bonds in H2O2, while the linkage between the metal 
center and two aromatic rings represents the O-O bond. However, the dihedral angle 
between two aromatic rings (37.78o) is much smaller than corresponding angle in 
H2O2 (94o).15 The coordination plane of PtII center makes with the aromatic rings a 




Figure 5.16 ORTEP plot of 29•CH2Cl2 (thermal ellipsoids drawn at 50% probability 
level). H atoms and solvent molecule are not shown for clarity. Color Scheme: Pt 
(green), P (orange), C (grey), Si (light yellow). 
 
 
Table 5.5 Selected bond lengths (Å) and angles (deg) of 29•CH2Cl2. 
Bond lengths  Bond angles  
Pt(1)-C(1)  1.994(5) C(1)-Pt(1)-C(1A) 174.6(3) 
Pt(1)-P(1) 2.3003(12) P(1)-Pt(1)-P(1A) 177.04(6) 
C(1)-C(2) 1.197(6) C(1)-Pt(1)-P(1A) 93.27(13) 
C(3)-C(4) 1.202(6) C(1)-Pt(1)-P(1) 86.59(13) 
  Pt(1)-C(1)-C(2) 173.9(4) 
  C(1)-C(2)-C(5) 174.1(5) 
  C(12)-C(3)-C(4) 177.7(4) 
 
 
Similar to those in 26 and 27, the PtII center in 29 shows a distorted square 
planar geometry with C-Pt-C angle of 174.6(3)o and P-Pt-P angle of 177.04(6)o. The 
C-Pt-P angles (93.27(13) Å and 86.59(13) Å) are slightly deviated from the ideal right 
angle. The Pt-C and Pt-P bond distances are typical.2c, 3, 4 Notably, a bent molecular 
wire is the structure of 29 viewed along the short axis of tetracenyl ring. Indeed, both 
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linkages of the triple bonds with the metal center and with aromatic ring are smaller 
than 180o (Pt1-C1-C2 = 173.9(4)o and C1-C2-C5 = 174.1(5)o). The observation can be 
further evidenced by twist angles between C1-C2 and C1A-C2A (15.8o) and between 
C3-C4 and C3A-C4A (33.4o).16 
 
 
Figure 5.17 C-H···π interaction between two molecules of 29. 
 
 
Tetracenyl rings in crystal packing of 29 are widely separated (> 6 Å) and no 
π···π interactions are observed. Noteworthy is that the molecules of 29 are associated 
through C-H···π interactions between H atoms of ethyl and isopropyl groups and C 
atoms of tetracenyl rings (Figure 5.17).  The interacting pattern is similar to the one 
described in Figure 3.12 but to a larger extent. In fact, there are four sets of 
complimentary C-H···π interactions (H···C(sp2) distances = 2.797 – 2.900 Å) in 29 
instead of two as in the complexes in Chapter 3 and 4. The pattern is reminiscent of 
complimentary base pairing in DNA structure in which donor and acceptor atoms are 
alternately arranged.17 It helps explain the strong tendency of 29 to crystallize and the 




Figure 5.18 ORTEP plot of 30 (thermal ellipsoids drawn at 50% probability level). H 
atoms and disordered triisopropyl groups are not shown for clarity. The carbon atoms 
of the disordered groups were refined isotropically with restraints in bond lengths. 
Color Scheme: Pt (green), P (orange), C (grey), Si (light yellow). 
 
Table 5.6 Selected bond lengths (Å) and angles (deg) of 30. 
Bond lengths  Bond angles  
Pt(1)-C(1)  2.005(6) C(1)-Pt(1)-C(1A) 180.0(3) 
Pt(1)-P(1) 2.2992(15) P(1)-Pt(1)-P(1A) 180.0 
C(1)-C(2) 1.211(18) C(1)-Pt(1)-P(1) 91.02(17) 
C(3)-C(4) 1.201(11) C(1)-Pt(1)-P(1A) 88.98(17) 
  Pt(1)-C(1)-C(2) 177.3(5) 
  C(1)-C(2)-C(6) 179.2(7) 
  C(13)-C(3)-C(4) 178(2) 
 
 
The crystal structure of compound 30 is shown in Figure 5.18 and selected 
bond lengths and angles are shown in Table 5.6. The structure was generated through 
an inversion center located at Pt atom. The PtII center shows a nearly ideal square 
planar geometry with C-Pt-P angle of 88.98(17)o – 91.02(17)o and C-Pt-C, P-Pt-P 
angles of 180o – 180.0(3)o. The two pentacenyl rings are almost planar, yet showing 
slight twist (end-to-end twist = 2.5o). The two mean planes are nearly coplanar 
(dihedral angle = 0o). The coordination plane of the PtII center is almost perpendicular 
to the pentacenyl rings (dihedral angle = 85.94o). Notably, 30 exhibits intriguing π-π 
interactions with interplanar separation of 3.397 Å (Figure 5.19). To the best of our 
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knowledge, this is the first example of pentacene-based compounds to possess double 
stackings between pentacene rings of two molecules, forming a zipper-like 
architecture. More interestingly, offset between two pentacene planes along the short 
axis (lateral displacement) which is commonly observed in other pentacene-based 
stacking is not detected.18 The overlap between the two pentacene planes along the 













5.2.3 Electronic Absorption Spectroscopy 
The UV-visible spectra of the complexes are shown in Figure 5.20 – 24. The 
absorption spectroscopic data are summarized in Table 5.7. Similar to 6a and 11, the 
complexes 25 and 26 display three absorption bands: a moderately intense vibronic 
band in 450 – 610 nm (I) (εmax = 0.98 – 2.20×104 M-1cm-1), a less intense band around 
319 – 350 nm (III) (εmax = 1.39 – 3.15×104 M-1cm-1) and a very strong, sharp band in 
296 – 297 nm (IV) (εmax = 17.58 – 17.70×104 M-1cm-1) (Figure 5.20). The absorption 
maxima and corresponding extinction coefficients are rather similar to those of 6a and 
11. The vibronic band (I) is assigned to the lowest energy singlet π→π* (1Ag→1B1u) 
transition in the tetracenyl ring, which is also known as 1La band in Platt’s notation.19 
The vibronic spacings are ~1100 cm-1, slightly smaller than those of 6a and 11 (~1300 
cm-1). The second band (III) is tentatively ascribable to the 1Lb band which arises 
from the pseudo-parity forbidden 1Ag→ −2u1B transition.20  The third band (IV) is 
attributed to 1Ag→1B1u transition in the tetracenyl ring, which is also known as 1Bb 
band in Platt’s notation.  
By comparing the spectra of the complexes 25 and 26 with that of 3, it is 
shown that replacing one of the two triisopropylsilyl groups with the [L(Et3P)2Pt]+ (L 
= I, C≡CC6H5) ions leads to a red-shift of the three transitions. While the band I is 
red-shifted by 770 – 930 cm-1, energies of the bands III and IV are lowered by 1220 – 
1550 cm-1 and 580 – 690 cm-1, respectively. The energy of the HOMO→LUMO 
transition (which corresponds to the band I of the complexes) of tetracene is lowered 
by 2450 cm-1 by substitution of triisopropylsilylethynyl groups at its 5- and 12-
positions. Absorption spectroscopic results show that replacing one of the two 
triisopropylsilyl groups with the [L(Et3P)2Pt]+ (L = I, C≡CC6H5) ions leads to red-
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shift  of the  band  I  by 3220 – 3380 cm-1, lower in energy than those of 6a and 11 
(3660 – 3900 cm-1) which have two [L(Et3P)2Pt]+ (L = I, C≡CC6H5) ions. The red-
shift effect of alkynylation which is observed in 6a and 11 (240 cm-1) can also be 
detected in 25 and 26 to a lesser extent with the red-shift of 160 cm-1. 
Similarly to 18b and 20, the complexes 27 and 28 display four absorption 
bands: a broad intense structureless band in 550 – 770 nm (εmax = 1.52 – 1.56×104 M-
1cm-1) (I), a weak and narrow band around 440 nm  (εmax = 0.35 – 0.40×104 M-1cm-1) 
(II), a shoulder in 334 – 366 nm (εmax = 1.80 – 3.07×104 M-1cm-1) (III) and a very 
strong peak at 315 – 316 nm (εmax = 33.47 – 33.93×104 M-1cm-1) (Figure 5.21). It is 
notable that the band I in 27 and 28 is broadened and almost structureless, in sharp 
contrast to the vibronic structures of the corresponding bands in 18b and 20. The 
structure distortion of band I indicates the electronic structure of the pentacenyl ring 
is significantly perturbed upon single platination of 17. However, the other absorption 
maxima and corresponding extinction coefficients are rather similar to those of 18b 
and 20. The absorption bands are assigned to π→π* transitions primarily localized in 
the pentacenyl core. The band I in the spectra of the complexes corresponds to the 
HOMO→LUMO (1Ag →1B1u) transition which is also known as S0 (singlet ground 
state)→S1(the lowest energy singlet excited state) transition. The intense band IV 
corresponds to the HOMO-1→LUMO+1 (1Ag →1B1u) transition. The shoulder III is 
attributed to the transition to the “plus” state +2u1B (1Ag→ +2u1B ), while the weak 
absorption II is ascribable to the transition to the “minus” state (1Ag→ −2u1B ) which is 
pseudo-parity forbidden and accordingly weak. The two transitions are derived from 


























































































Figure 5.22 Electronic absorption spectra of 29, 30 and 31 in CH2Cl2 at room 
temperature. Inset: A photograph showing absorption colors of 29, 31 and 30                    
(from left to right). 
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Figure 5.23 Electronic absorption spectra of 32, 33 and 34 in CH2Cl2 at room 
temperature. Inset: A photograph showing absorption colors of 32, 33 and 34                    
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Figure 5.24 Electronic absorption spectra of 35, 36 and 37 in CH2Cl2 at room 
temperature. Inset: A photograph showing absorption colors of 35, 36 and 37                    
(from left to right). 
 
 
Table 5.7 Absorption spectroscopic data of the complexes 25 – 37. 
Complex 
Band I 
(ε, 104 M-1cm-1) 
Band II 
(ε, 104 M-1cm-1) 
Band III 
(ε, 104 M-1cm-1) 
Band IV 
(ε, 104 M-1cm-1)
25 558 (2.20), 525 
(1.97), 490 (0.98) (s) 
a 346 (1.49), 327 
(1.39) (s) 
296 (17.70) 
26 563 (2.17), 530 
(2.04), 493 (1.03) (s) 
a 350 (1.87), 319 
(3.15) (s) 
297 (17.58) 
27 ~ 550-770 (1.52) 439 (0.35) 365 (1.35) (s), 
334 (3.07) 
315 (33.47) 
28 ~ 550-770 (1.56) 439 (0.40) 366 (1.80) (s) 316 (33.93) 
29 569 (4.18), 532 
(3.23), 494 (1.49) (s) 
a 351 (2.92) 296 (26.14) 
30 ~ 550-770 (3.10) 438 (0.51) 365 (3.12) (s) 315 (59.17) 
31 ~ 600-770 (1.64), 
564 (2.64), 531 
(2.20), 494 (1.16) (s) 




32 697 (4.89), 638 
(3.00), 567 (4.57), 
533 (4.24), 497 
(2.35) (s) 
444 (0.70) 350 (5.11) 319 (27.65), 
297 (31.24) 
33 692 (4.21), 635 
(2.47), 568 (2.49), 
533 (2.21), 497 
(1.20) (s) 




34 697 (4.23), 637 
(2.49), 568 (2.31), 
533 (2.10), 470 
(3.71), 444 (3.29), 
415 (1.84) (s) 





35 ~620-770 (3.70), 
586 (3.84), 542 
(2.48), 504 (1.13) (s) 




36 ~620-770 (1.97), 
578 (3.94), 537 
(2.65), 504 (1.21) (s) 




37 ~620-770 (2.07), 
582 (4.55), 540 
(3.18), 499 (1.64) 
(s), 469 (3.69), 442 
(3.23), 415 (1.94) (s) 





a not observed 
 
Comparing the spectra of the complexes with that of 17 shows that replacing 
one of the two triisopropylsilyl groups with the [L(Et3P)2Pt]+ ions (L = I, C≡CC6H5) 
leads to a red-shift of the transitions. While the band II is almost unchanged, energies 
of the bands III and IV are lowered by ~120 cm-1 and 620 – 720 cm-1, respectively. 
However, the lowering of energies of the band I in 27 and 28 remains unclear as no 
absorption maxima can be determined due to the structureless nature of the bands. 
Similarly, the red-shift effect of alkynylation which is observed in 18b and 20 (190 
cm-1) cannot be clearly discerned in 27 and 28. 
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The spectra of bichromophoric complexes 29 and 30 closely resemble those of 
25, 26 and 27, 28, respectively (Figure 5.22).  The complex 29 displays three 
absorption bands with similar absorption maxima like 25 and 26. The band I in 29 is 
slightly red-shifted to those of 25 and 26 (190 – 350 cm-1). The bands are similarly 
assigned to three π→π* transitions 1Ag→1B1u (I), 1Ag→ −2u1B (III) and 1Ag→1B1u (IV), 
respectively. Notably, the extinction coefficients increase 1.5 – 1.9 times due to the 
presence of two tetracenyl cores in the molecule. Similarly to 27 and 28, the complex 
30 displays four absorption bands which are assigned to four π→π* transitions 
1Ag→1B1u (I), 1Ag→ −2u1B  (II), 1Ag→ +2u1B  (III) and 1Ag→1B1u (IV), respectively. The 
band I is also structureless and therefore the red-shift compared to those of 27 and 28 
cannot be perceived. With the increase of number of pentacenyl cores, the extinction 
coefficients of the bands also increase (1.8 – 2.0 times). 
The bichromophoric complex 31 shows a wide absorption band (I) in 450 – 
770 nm (εmax = 2.64×104 M-1cm-1), hence bearing violet color. The band can be 
attributed to two subunits absorbing in 450 – 600 nm and 600 – 770 nm, which 
accordingly arise from tetracenyl and pentacenyl cores. The presence of the two 
chromophores in 31 is further evidenced in the band (IV) in UV region in which the 
maximum at 297 nm is contributed to the tetracenyl core and the maximum at 316 nm 
is due to pentacenyl core. Therefore, it is reasonable to assume that the absorption of 
31 is merely the spectral sum of 29 and 30. In fact, the extinction coefficients of the 
bands I and IV in 31 is approximately the average of those in 29 and 30. 
Figure 5.23 presents the absorption spectra of the complexes 32 – 34. 
Similarly to 31, the compound 33 containing one tetracenyl core and one pentacenyl 
core absorbs over 450 – 750 nm range. While the absorption in 450 – 600 nm is 
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attributed to tetracenyl core, the pentacenyl subunit displays a vibronic band in 600 – 
750 nm, in sharp contrast to structureless band in 31. This highlights the different 
perturbations of the Pt ion to the pentacenyl core in the cases of single and double 
platination.  The complex 32 shows similar absorption range (450 – 750 nm) as 
having two tetracenyl cores and one pentacenyl core. Consequently, the absorption 
due to the tetracenyl core in 32 is enhanced over that in 33 (εmax = 4.57 ×104 and 
2.49×104 M-1cm-1). The absorption of trichromophoric complex 34 spans over the 
whole visible region in which anthracenyl moiety absorbs in 390 – 500 nm, the 
absorption in 500 – 600 nm is due to tetracenyl core and pentacenyl subunit gives rise 
to absorption of 600 – 750 nm. The lowest extinction coefficient of 34 over the range 
of 400 – 700 nm is 1.08×104 M-1cm-1. The absorption maxima due to the 
chromophores remain unchanged or very little shift in the complex 32 – 34.  
The band IV in the UV region also indicates the presence of relevant 
chromophores in the complexes: anthracene, λmax = 279 nm; tetracene, λmax = 297 nm; 
pentacene, λmax = 318, 319 nm. In the compound 32, due to the presence of two 
tetracenyl cores, the extinction coefficient at 297 nm (εmax = 31.24×104 M-1cm-1) 
increases over those in 33 and 34 (εmax = 19.44 ×104 and 19.24×104 M-1cm-1). The 
absorption color is another indicator for the chromophores and their concentrations in 
the complexes. Similarly to 31, the compound 33 is violet in color as having 
tetracenyl and pentacenyl cores with a ratio 1:1. Bearing the two chromophores with a 
ratio 2:1, the compound 32 displays a deep purple color. Intriguingly, the 
trichromophoric complex 34 is dark brown in color as having three chromophores 
with a ratio 1:1:1. 
Figure 5.24 presents the absorption spectra of the complexes 35 – 37. Similar 
to 31, the compound 36 containing one tetracenyl core and one pentacenyl core 
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absorbs over 450 – 770 nm range. While the absorption in 450 – 620 nm is attributed 
to the tetracenyl core, the pentacenyl subunit displays structureless band in 620 – 770 
nm, in line with the analogous absorption pattern in 31. The complex 35 shows 
similar absorption range (450 – 750 nm) as having one tetracenyl core and two 
pentacenyl cores. Consequently, the absorption due to the pentacenyl core in 35 is 
enhanced over that in 36 (εmax = 3.70 ×104 and 1.97×104 M-1cm-1). Similarly to 34, the 
absorption of the trichromophoric complex 37 covers the whole visible region in 
which the anthracenyl moiety absorbs in 390 – 500 nm, the absorption in 500 – 600 
nm is due to the tetracenyl core and pentacenyl subunit gives rise to broad absorption 
of 600 – 750 nm. The lowest extinction coefficient of 37 over the range of 400 – 700 
nm is 1.38×104 M-1cm-1. The absorption maxima due to the chromophores remain 
unchanged or very little shift in the complex 35 – 37.  
The band IV in UV region also indicates the presence of relevant 
chromophores in the complexes: anthracene, λmax = 278 nm; tetracene, λmax = 303, 304 
nm; pentacene, λmax = 316 nm. In the compound 35, due to the presence of two 
pentacenyl cores, the extinction coefficient at 316 nm (εmax = 47.50×104 M-1cm-1) 
prevails over those in 36 and 37 (εmax = 29.05 ×104 and 29.67×104 M-1cm-1). The 
chromophores and their concentrations in the complexes are manifested in the 
absorption colors. Similarly to 31 and 33, the compound 36 is violet in color as 
having tetracenyl and pentacenyl cores with ratio 1:1. Bearing the two chromophores 
with a ratio 1:2, the compound 35 is dominant with a blue color. The trichromophoric 
complex 37 is dark brown in color as having three chromophores (anthracene, 




5.2.4 Emission Spectroscopy 
The solution emission spectra of the complexes are shown in Figure 5.25 – 27, 
29, 31, 33, 35. The lifetime and quantum yield of the solution emission are listed in 
Table 5.8. The compounds 25 and 26 are highly luminescent with emission quantum 
yields of 0.68 and 0.50, in the same order of magnitude with those of 6a and 11 (Φfl = 
0.60 and 0.51). The nanosecond lifetimes (6.8 and 7.7 ns) and small Stokes shift 
(1090 and 1260 cm-1) between the emission and the HOMO→LUMO transition 
indicate that the luminescence is HOMO←LUMO (S0←S1) fluorescence centered in 
the tetracenyl ring. The emission maxima of 25 and 26 (λmax = 594 and 606 nm) are 
almost identical to those of 6a and 11 (λmax = 596 and 608 nm), indicating that the 
perturbations of the Pt ion to tetracenyl core in the cases of single and double 
platination are rather similar. The red-shift effect of alkynylation is also observed in 
25 and 26 (330 cm-1), in accord with the red-shift in 6a and 11 (330 cm-1). The two 
complexes 27 and 28 display broad and structureless emissions maximized at around 
757 and 771 nm, lower in energy than those of 18a and 20 (800 – 820 cm-1). The two 
complexes are weakly emissive with emission quantum yields of 0.17×10-2 and 
0.07×10-2, one order of magnitude less than those of 18a and 20 (Φfl = 0.072 and 
0.025). In addition, emission lifetimes of 26 and 27 are very short (0.6 and 0.5 ns), 
indicating very fast fluorescence decay processes. A small red-shift upon alkynylation 




























Figure 5.25 Emission spectra of 25, 26 and 29 in CH2Cl2 at room temperature. The 
excitation wavelength is 490 nm. 
 























Figure 5.26 Emission spectra of 27 and 28 in CH2Cl2 at room temperature. The 
excitation wavelength is 560 nm. 
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Figure 5.27 Excitation and emission spectra of 31 in CH2Cl2 at room temperature. 
The excitation wavelength is 490 nm; the emission wavelength is 750 nm. 
 
 















Figure 5.28 Fluorescence decay profiles of 31 in CH2Cl2. The excitation wavelength 
is 483 nm; the emission is monitored at 600 nm. 
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Table 5.8 Emission spectroscopic data of the complexes. 
Complex Solution emission maxima/nm 
Emission lifetime τfl/ns 
(fractional contribution) 
Emission quantum 
yield Φfl (×10-2) 
25 594 7.7 68.3 
26 606 6.8 50.3 
27 757 0.6 0.17 
28 771 0.5 0.07 
29 603 0.6 (0.19), 6.7 (0.81) 8.63 
31 600  
~700-850 

















0.7 (0.08), 7.0 (0.92) c 
0.5 
0.74 b 
35 ~700-850 a 0.06 b 
36 600  
~700-850 










aNot determined. bExcitation wavelength is 490 nm. cExcitation wavelength is 483 nm, 
monitored at 600 nm. dExcitation wavelength is 373 nm, monitored at 490 nm. 
 
 
The bichromophoric complex 29 displays a moderate tetracene-based emission 
at 603nm, rather similar in energy to those of monochromophoric congeners (Figure 
5.25). While the complex 30 is virtually non-emissive, the complex 31 displays a 
weak emission band centered at 600 nm and a broad shoulder spanning over the range 
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of 650 – 850 nm (centered at around 750 – 770 nm) (Figure 5.27). The two bands are 
accordingly attributed to the HOMO←LUMO (S0←S1) transitions arising from 
tetracenyl and pentacenyl cores.  The quantum yields of 29 and 31 are 8.63×10-2 and 
0.64×10-2, respectively. 
  The complexes 32-37 are weakly emissive with the quantum yield ranging 
from 0.06 – 0.77×10-2. When excited at 490 nm, the emissions of 32 and 33 (Figure 
5.29) comprise two maxima at around 600 nm and 720 nm which are ascribable to the 
HOMO←LUMO (S0←S1) transitions arising from tetracenyl and pentacenyl cores. 
While the tetracenyl emission is dominant in 33 due to the presence of two tetracenyl 
cores, the pentacenyl emission in 33 prevails. The trichromophoric complex 34 shows 
a wide range of emission in 430 – 850 nm at the excitation of 400 nm (Figure 5.31). 
Three maxima in the emission of 34 indicate the presence of three corresponding 
chromophores: anthracene, λmax = 490 nm; tetracene, λmax = 600 nm; pentacene, λmax = 
723 nm. When excited at 490 nm, two emission bands corresponding to tetracenyl and 
pentacenyl chromophores are observed.  
The complex 35 does not show any discernible emission at 600 nm (tetracenyl 
core) but a broad and structureless band in 700 – 850 nm (centered at around 750 – 
770 nm) which is characteristic of singly platinated pentacenyl complexes. The 
complex 36 shows a dominant sharp band at 600 nm (tetracenyl core) and also a 
broad and structureless shoulder in 700 – 850 nm (centered at around 750 – 770 nm) 
(pentacenyl core). Similar to 34, the trichromophoric complex 37 shows a wide range 
of emission in 430 – 870 nm at excitation of 400 nm (Figure 5.35). Three maxima in 
the emission of 37 indicate the presence of three corresponding chromophores: 
anthracene, λmax = 490 nm; tetracene, λmax = 604 nm; pentacene, λmax = ~700 – 850 nm. 
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When excited at 490 nm, only two emission bands, corresponding to tetracenyl and 
pentacenyl chromophores are observed.  
The energy transfer among the chromophores of the complexes can be 
evidenced via excitation spectra and fluorescence decay. The excitation spectra of the 
complexes 31 – 37 are shown in Figure 5.27, 30, 32, 34, 36. For the complex 31, 
when monitoring the emission of pentacenyl core at 750 nm, the excitation spectrum 
which resembles the absorption spectrum is obtained. The band in 450 – 600 nm 
region clearly indicates that the emission of pentacenyl core has the origin of 
tetracenyl core.7a, 7b In other words, there is an energy transfer from tetracenyl core 
(donor) to pentacenyl core (acceptor) during the excitation. It is more clearly 
evidenced by fluorescence decay results (Figure 5.28). Indeed, there are two decay 
processes in which the faster initial decay (t1 = 0.7 ns) is responsible for the energy 
transfer between the two chromophores21 and the slower decay (t2 = 6.2 ns) is 
assigned to the emission of tetracenyl core. When monitoring the emission of 
tetracenyl or pentacenyl core, the excitation spectra of the complexes 32 – 37 also 
resemble their absorption spectra, indicating the intramolecular energy transfer among 
the chromophores of the complexes. Interestingly, when monitored at the emission of 
pentacenyl core, the excitation spectra of the complexes 34 and 37 display a band in 
the region of 400 – 500 nm which arise from anthracenyl core (Figure 5.32 and 5.36). 
The results imply that there may be either a direct energy transfer from anthracenyl to 
pentacenyl core or a cascade from anthracenyl to tetracenyl and then to pentacenyl 
cores. In addition, the fluorescence decays of the complexes at detection wavelengths 
of 490 nm and 600 nm which imply two exponential components to fit the data also 
indicate the energy processes among the chromophores of the complexes (Appendix 
B, Figure B.5-6).  
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Figure 5.29 Emission spectra of 32 and 33 in CH2Cl2 at room temperature. The 
























 Figure 5.30 Excitation spectra of 32 and 33 in CH2Cl2 at room temperature. The 























  λex = 400 nm
  λex = 490 nm
Figure 5.31 Emission spectra of 34 in CH2Cl2 at room temperature. The excitation 



















  λem = 720 nm
  λem = 600 nm
 Figure 5.32 Excitation spectra of 34 in CH2Cl2 at room temperature. The emission 

























 Figure 5.33 Emission spectra of 35 and 36 in CH2Cl2 at room temperature. The 





















 Figure 5.34 Excitation spectra of 35 and 36 in CH2Cl2 at room temperature. The 
emission wavelength is 750 nm. 
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  λex = 400 nm
  λex = 490 nm
Figure 5.35 Emission spectra of 37 in CH2Cl2 at room temperature. The excitation 



















  λem = 750 nm
  λem = 600 nm
 Figure 5.36 Excitation spectra of 37 in CH2Cl2 at room temperature. The emission 




The compounds 3 and 17 can be singly deprotected, paving the way for the 
syntheses of multichromophoric systems. For monochromophoric systems, the 
compounds 25 and 26 show almost unchanged photophysical properties in 
comparison with their dinuclear platinum congeners. However, the compounds 27 and 
28 show structureless absorption bands and are weakly emissive while their dinuclear 
platinum congeners show vibronic bands in absorption spectra and are NIR-emissive. 
The results imply that the perturbations of platinum to pentacenyl and tetracenyl rings 
in mononuclear complexes are different from the dinuclear analogues. For 
bichromophoric systems, the compounds 29 and 30 reveal similar physical properties 
to their monochromophoric congeners. Interestingly, the complex 30 shows intriguing 
double stacking of pentacenyl rings with large π-surface overlap in solid state. The 
compound 31 exhibits a wide range of absorption with a purple color because of 
having two different chromophores, tetracene and pentacene. More intriguingly, the 
trichromophoric compounds 34 and 37 composed of anthracene, tetracene, and 
pentacene absorb the whole visible region, thus being dark brown in color. The 
energy transfer effect can be evidenced via excitation spectra and fluorescence decays 
of the multichromophoric compounds.  
 
5.4 Experimental Section 
General Methods. All syntheses were carried out in a N2 atmosphere. All the 
solvents used for synthesis and spectroscopic measurements were purified according 




and 6,13-bis(triisopropylsilylethynyl)pentacene18d were prepared according to 
reported procedures. 
Physical Methods. Instrumental details for NMR experiments, elemental 
analyses, ESI-MS, UV-Vis absorption and emission spectroscopy, emission lifetime 
measurements, are the same as stated in Chapter 2. Cresyl violet was used as a 
standard in measuring the emission quantum yields.26 
X-ray Crystallography. Data collection and structure refinement details are 
the same as stated in Chapter 2. Two of the isopropyl groups in 26 are disordered with 
the terminal carbon atoms occupying two positions with occupancy ratios of 74:26 
and 35:65. The asymmetric unit of 27 contains four molecules. Two triethylphosphine 
and one isopropyl groups are disordered into two positions with occupancy ration of 
50:50. The triisopropylsilyl group in 30 is disordered. The carbon atoms of the 
disordered groups were refined isotropically with restraints in bond lengths. 
Synthesis. [I(Et3P)2PtII]-(iPr3Si)tetracenyldiacetylide (25). To a 500 ml 
Schlenk flask were charged PtI2(PEt3)2 (800 mg, 1.215 mmol), iPr2NH (10 ml), 3 (600 
mg, 1.019 mmol), CuI (10 mg) and CH2Cl2 (100 ml). To the mixture was added 
dropwise a CH2Cl2 solution (150 ml) of Bu4NF (100 mg, 0.320 mmol) over 5 h by 
using an equalizing funnel. The resulting solution was stirred overnight and all the 
solvents were reduced to dryness. The dark red product was collected from column 
chromatography (silica gel, 20 cm x 4 cm column, hexane : dichloromethane 4:1). 
Yield: 140 mg, 44%. Anal. Calcd (%)  for 25 (C43H61IP2PtSi): C, 52.17; H, 6.21. 
Found: C, 52.13; H, 5.43. 1H NMR (500 MHz, CDCl3) δ 9.35 (s, 1H, H6), 9.28 (s, 1H, 
H11), 8.70 (d, J = 8.9 Hz, 1H, H4), 8.61 (d, J = 8.2 Hz, 1H, H1), 8.00 (d, J = 8.9 Hz, 
1H, H7), 7.96 (d, J = 7.0 Hz, 1H, H10), 7.51 (t, J = 8.2 Hz, 1H, H3), 7.45-7.42 (m, 3H, 
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H2,8,9), 2.26-2.23 (m, 12H, PCH2CH3), 1.34-1.21 (m, 39H, PCH2CH3, iPr). 31P{1H} 
NMR (202.4 MHz, CDCl3) δ 9.66 (s, 1JPt-P = 2309 Hz). MALDI-TOF-MS: m/z 989.2, 
[M]+. 
[C6H5C≡C(Et3P)2PtII]-(iPr3Si)tetracenyldiacetylide (26). To a 50 ml 
Schlenk flask were charged 25 (200 mg, 0.202 mmol), NEt3 (5 ml), CuI (5 mg) and 
CH2Cl2 (30 ml). To the mixture was quickly added phenylacetylene (0.2 ml, 1.86 
mmol). The resulting solution was stirred overnight and all the solvents were reduced 
to dryness. The dark red product was collected from column chromatography (silica 
gel, 15 cm x 2 cm column, hexane : dichloromethane 2:1 v/v). Yield: 160 mg, 82%. 
X-ray quality crystals of 26 were grown by slow evaporation of CH2Cl2/EtOH 
solution. Anal. Calcd (%) for 26 (C51H66P2PtSi): C, 63.53; H, 6.90. Found: C, 63.25; 
H, 7.31. 1H NMR (500 MHz, CDCl3) δ 9.41 (s, 1H, H6), 9.26 (s, 1H, H11), 8.76 (d, J = 
8.2 Hz, 1H, H4), 8.59 (d, J = 8.9 Hz, 1H, H1), 8.00 (d, J = 8.2 Hz, 1H, H7), 7.97 (d, J = 
7.0 Hz, 1H, H10), 7.50 (t, J = 8.9 Hz, 1H, H3), 7.42-7.40 (m, 3H, H2,8,9), 7.34 (d, J = 
7.6 Hz, 2H, o-C6H5), 7.25 (t, J = 8.2 Hz, 2H, m-C6H5), 7.15 (t, J = 7.6 Hz, 1H, p-
C6H5), 2.24-2.21 (m, 12H, PCH2CH3), 1.32-1.26 (m, 39H, PCH2CH3, iPr). 31P{1H} 
NMR (202.4 MHz, CDCl3) δ 12.41 (s, 1JPt-P = 2364 Hz). MALDI-TOF-MS: m/z 963.3, 
[M]+. 
[I(Et3P)2PtII]-(iPr3Si)pentacenyldiacetylide (27). To a 250 ml Schlenk flask 
were charged PtI2(PEt3)2 (600 mg, 0.912 mmol), iPr2NH (5 ml), 17 (200 mg, 0.313 
mmol), CuI (5 mg) and CH2Cl2 (40 ml). To the mixture was added dropwise a CH2Cl2 
solution (100 ml) of Bu4NF (50 mg, 0.160 mmol) over 5 h by using an equalizing 
funnel. The resulting solution was stirred overnight and all the solvents were reduced 
to dryness. The dark green product was collected from column chromatography (silica 
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gel, 20 cm x 4 cm column, hexane : dichloromethane 4:1 v/v). Yield: 100 mg, 60%. 
Dark green crystals of 27 were obtained from CH2Cl2/MeOH at -20oC. Anal. Calcd 
(%)  for 27 (C47H63IP2PtSi): C, 54.28; H, 6.11. Found: C, 54.13; H, 6.36. 1H NMR 
(500 MHz, CDCl3) δ 9.34 (s, 2H, H5,7), 9.28 (s, 2H, H12,14), 7.97-7.91 (m, 4H, H1,4,8,11), 
7.38-7.36 (m, 4H, H2,3,9,10), 2.29-2.26 (m, 12H, PCH2CH3), 1.37-1.36 (m, 21H, iPr), 
1.29-1.23 (m, 18H, PCH2CH3). 31P{1H} NMR (202.4 MHz, CDCl3) δ  9.75 (s, 1JPt-P = 
2312 Hz). ESI-MS: m/z 1039.2, [M]+. 
[C6H5C≡C(Et3P)2PtII]-(iPr3Si)pentacenyldiacetylide (28). To a 50 ml 
Schlenk flask were charged 27 (40 mg, 0.038 mmol), NEt3 (5 ml), CuI (5 mg) and 
CH2Cl2 (15 ml). To the mixture was quickly added phenylacetylene (0.1 ml, 0,93 
mmol). The resulting solution was stirred overnight and all the solvents were reduced 
to dryness. The dark green product was collected from column chromatography (silica 
gel, 10 cm x 2 cm column, hexane : dichloromethane 8:3 v/v). Yield: 18 mg, 46%. 
Anal. Calcd (%)  for 28 (C55H68P2PtSi): C, 65.13; H, 6.76. Found: C, 65.20; H, 6.36. 
1H NMR (500 MHz, CDCl3) δ 9.41 (s, 2H, H5,7), 9.26 (s, 2H, H12,14), 7.97-7.92 (m, 
4H, H1,4,8,11), 7.37-7.35 (m, 6H, H2,3,9,10 , o-C6H5), 7.27-7.24 (m, 2H, m-C6H5), 7.16 (t, 
1H, p-C6H5), 2.29-2.23 (m, 12H, PCH2CH3), 1.37-1.26 (m, 39H, PCH2CH3, iPr). 
31P{1H} NMR (202.4 MHz, CDCl3) δ 12.55 (s, 1JPt-P = 2361 Hz). MALDI-TOF-MS: 
m/z 1014.3, [M]+. 
[(Et3P)2PtII]-[(iPr3Si)tetracenyldiacetylide]2 (29). To a 250 ml Schlenk flask 
were charged 3 (350 mg, 0.594 mmol), CH2Cl2 (50 ml), PtI2(PEt3)2 (50 mg, 0.076 
mmol), iPr2NH (5 ml) and CuI (5 mg). To the mixture was added dropwise a CH2Cl2 
solution (70 ml) of Bu4NF (52 mg, 0.166 mmol) over 5 h by using an equalizing 
funnel. The resulting solution was stirred overnight and all the solvents were reduced 
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to dryness. The dark red product was collected from column chromatography (silica 
gel, 20 cm x 4 cm column, hexane : dichloromethane 4:1 v/v). Yield: 45 mg, 46%. 
Dark red crystals of 29 were obtained from CH2Cl2/MeOH at room temperature. Anal. 
Calcd (%) for 29 (C74H92P2PtSi2): C, 68.65; H, 7.16. Found: C, 68.27; H, 7.23. 1H 
NMR (500 MHz, CDCl3) δ 9.49 (s, 2H, H6), 9.29 (s, 2H, H11), 8.83 (d, J = 8.9 Hz, 2H, 
H4), 8.62 (d, J = 8.8 Hz, 2H, H1), 8.05-8.02 (m, 4H, H7,10), 7.53 (t, J = 7.6 Hz, 2H, H3), 
7.48-7.37 (m, 6H, H2,8,9), 2.28-2.25 (m, 12H, PCH2CH3), 1.37-1.26 (m, 60H, 
PCH2CH3, iPr). 31P{1H} NMR (202.4 MHz, CDCl3) δ 13.20 (s, 1JPt-P = 2356 Hz). 
MALDI-TOF-MS: m/z 1294.5, [M]+. 
[(Et3P)2PtII]-[(iPr3Si)pentacenyldiacetylide]2 (30). To a 250 ml Schlenk 
flask were charged 17 (200 mg, 0.313 mmol), CH2Cl2 (70 ml), PtI2(PEt3)2 (30 mg, 
0.046 mmol), iPr2NH (5 ml) and CuI (5 mg). To the mixture was added dropwise a 
CH2Cl2 solution (80 ml) of Bu4NF (36 mg, 0.115 mmol) over 5 h by using an 
equalizing funnel and then were quickly added. The resulting solution was stirred 
overnight and all the solvents were reduced to dryness. The dark green product was 
collected from column chromatography (silica gel, 20 cm x 4 cm column, hexane : 
dichloromethane 4:1). Yield: 30 mg, 47%. Dark green crystals of 30 were obtained 
from CHCl3/EtOH at room temperature. Anal. Calcd (%) for 30 (C82H96P2PtSi2): C, 
70.61; H, 6.94. Found: C, 70.30; H, 6.76. 1H NMR (500 MHz, CDCl3) δ 9.50 (s, 4H, 
H5,7), 9.30 (s, 4H, H12,14), 8.02-7.98 (m, 8H, H1,4,8,11), 7.41-7.39 (m, 8H, H2,3,9,10), 
2.37-2.34 (m, 12H, PCH2CH3), 1.43-1.38 (m, 60H, PCH2CH3, iPr). 31P{1H} NMR 





(31). To a 250 ml Schlenk flask were charged 3 (240 mg, 0.407 mmol) and CH2Cl2 
(50 ml). To the mixture was added dropwise a CH2Cl2 solution (70 ml) of Bu4NF (17 
mg, 0.054 mmol) over 6 h by using an equalizing funnel and then were quickly added 
27 (50 mg, 0.048 mmol), iPr2NH (5 ml) and CuI (5 mg). The resulting solution was 
stirred overnight and all the solvents were reduced to dryness. The dark purple 
product was collected from column chromatography (silica gel, 20 cm x 4 cm column, 
hexane : dichloromethane 4:1). Yield: 54 mg, 84%. Anal. Calcd (%) for 31 
(C78H94P2PtSi2): C, 69.66; H, 7.05. Found: C, 69.54; H, 6.84. 1H NMR (500 MHz, 
CDCl3) δ 9.51 (s, 1H, H6-tetracene), 9.49 (s, 2H, H5,7-pentacene), 9.30 (s, 1H, H11-
tetracene), 9.29 (s, 2H, H12,14-pentacene),  8.85 (d, J = 8.8 Hz, 1H, H4-tetracene), 8.63 
(d, J = 8.8 Hz, 1H, H1-tetracene), 8.07-8.03 (m, 2H, H7,10-tetracene), 8.00-7.98 (m, 4H, 
H1,4,8,11-pentacene), 7.54 (t, J = 6.9 Hz, 1H, H3-tetracene), 7.49-7.44 (m, 3H, H2,8,9-
tetracene), 7.40-7.38 (m, 4H, H2,3,9,10-pentacene), 2.33-2.28 (m, 12H, PCH2CH3), 
1.41-1.33 (m, 60H, PCH2CH3, iPr). 31P{1H} NMR (202.4 MHz, CDCl3) δ 13.30 (s, 
1JPt-P = 2349 Hz). MALDI-TOF-MS: m/z 1344.6, [M]+. 
T-P-T (32). To a 250 ml Schlenk flask were charged 18b (50 mg, 0.028 mmol), 
iPr2NH (5 ml), 3 (250 mg, 0.424 mmol), CuI (5 mg) and CH2Cl2 (40 ml). To the 
mixture was added dropwise a CH2Cl2 solution (50 ml) of Bu4NF (21 mg, 0.067 
mmol) over 5 h by using an equalizing funnel. The resulting solution was stirred 
overnight and all the solvents were reduced to dryness. The dark red product was 
collected from column chromatography (silica gel, 20 cm x 2 cm column, hexane : 
dichloromethane 2:1). Yield: 37 mg, 55%. Anal. Calcd (%) for 32 (C136H182P4Pt2Si2): 
C, 68.43; H, 7.68. Found: C, 68.67; H, 6.94. 1H NMR (500 MHz, C6D6) δ 9.98 (s, 6H, 
H6-tetracene, H5,7,12,14-pentacene), 9.71 (s, 2H, H11-tetracene), 9.30 (d, J = 8.8 Hz, 2H, 
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H4-tetracene), 9.05 (d, J = 8.2 Hz, 2H, H1-tetracene), 8.28-8.26 (m, 6H, H7-tetracene, 
H1,4,8,11-pentacene), 8.12 (d, J = 8.8 Hz, 2H, H10-tetracene), 7.50-7.43 (m, 4H, H3,8-
tetracene), 7.33-7.29 (m, 6H, H2-tetracene, H2,3,9,10-pentacene), 7.23 (t, J = 7.6 Hz, 2H, 
H9-tetracene), 2.22-2.20(m, 24H, PCH2CH2CH2CH3), 1.89-1.88 (m, 24H, 
PCH2CH2CH2CH3), 1.38-1.31 (m, 45H, PCH2CH2CH2CH3, iPr), 0.83 (t, J = 7.6 Hz, 
12H, PCH2CH2CH2CH3). 31P{1H} NMR (202.4 MHz, C6D6) δ 5.40 (s, 1JPt-P = 2339 
Hz).  MALDI-TOF-MS: m/z 2386.76, [M]+. 
T-P-PtI (33). To a 250 ml Schlenk flask were charged 18b (200 mg, 0.113 mmol), 
iPr2NH (5 ml), 3 (200 mg, 0.340 mmol), CuI (5 mg) and CH2Cl2 (30 ml). To the 
mixture was added dropwise a CH2Cl2 solution (50 ml) of Bu4NF (20 mg, 0.064 
mmol) over 5 h by using an equalizing funnel. The resulting solution was stirred 
overnight and all the solvents were reduced to dryness. The dark purple product was 
collected from column chromatography (silica gel, 20 cm x 2 cm column, hexane : 
dichloromethane 4:1). Yield: 70 mg, 52%. Anal. Calcd (%) for 33 (C105H151IP4Pt2Si): 
C, 60.56; H, 7.31. Found: C, 60.19; H, 6.82. 1H NMR (500 MHz, C6D6) δ 9.96 (s, 3H, 
H6-tetracene, H5,7-pentacene), 9.84 (s, 2H, H12,14-pentacene), 9.71 (s, 1H, H11-
tetracene), 9.29 (d, J = 8.2 Hz, 1H, H4-tetracene), 9.04 (d, J = 8.8 Hz, 1H, H1-
tetracene), 8.27-8.19 (m, 5H, H7-tetracene, H1,4,8,11-pentacene), 8.11 (d, J = 8.9 Hz, 
1H, H10-tetracene), 7.48-7.44 (m, 2H, H2,3-tetracene), 7.32-7.22 (m, 6H, H8,9-tetracene, 
H2,3,9,10-pentacene), 2.26-2.18 (m, 24H, PCH2CH2CH2CH3), 1.88-1.86 (m, 12H, 
PCH2CH2CH2CH3), 1.76-1.75 (m, 12H, PCH2CH2CH2CH3), 1.38-1.30 (m, 45H, 
PCH2CH2CH2CH3, iPr), 0.85 (t, J = 7.6 Hz, 12H, PCH2CH2CH2CH3), 0.81 (t, J = 7.6 
Hz, 12H, PCH2CH2CH2CH3). 31P{1H} NMR (202.4 MHz, C6D6) δ 5.36 (s, 1JPt-P = 
2344 Hz), 1.64 (s, 1JPt-P = 2304 Hz). MALDI-TOF-MS: m/z 2082.42, [M]+. 
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A-P-T (34). To a 250 ml Schlenk flask were charged 9,10-
bis(triisopropylsilylethynyl)anthracene (150 mg, 0.278 mmol), iPr2NH (5 ml), CuI (5 
mg) and CH2Cl2 (30 ml). To the mixture was added dropwise a CH2Cl2 solution (50 
ml) of Bu4NF (9 mg, 0.029 mmol) over 5 h by using an equalizing funnel and then 
was quickly added 33 (30 mg, 0.014 mmol). The resulting solution was stirred 
overnight and all the solvents were reduced to dryness. The dark brown product was 
collected from column chromatography (silica gel, 20 cm x 2 cm column, hexane : 
dichloromethane 4:1). Yield: 16 mg, 48%. Anal. Calcd (%) for 34 (C132H180P4Pt2Si2): 
C, 67.84; H, 7.76. Found: C, 67.42; H, 7.42. 1H NMR (500 MHz, C6D6) δ 9.98 (s, 1H, 
H6-tetracene), 9.97 (s, 2H, H5,7-pentacene), 9.96 (s, 2H, H12,14-pentacene), 9.71 (s, 1H, 
H11-tetracene), 9.31-9.30 (m, 3H, H4-tetracene, H4,5-anthracene), 9.07-9.04 (m, 3H, 
H1-tetracene, H1,8-anthracene), 8.28-8.24 (m, 5H, H7-tetracene, H1,4,8,11-pentacene), 
8.12 (d, J = 8.8 Hz, 1H, H10-tetracene), 7.57-7.43 (m, 8H, H2,3,6,7-anthracene, H2,3,8,9-
tetracene), 7.31-7.28 (m, 4H, H2,3,9,10-pentacene), 2.22-2.16 (m, 24H, 
PCH2CH2CH2CH3), 1.89-1.85 (m, 24H, PCH2CH2CH2CH3), 1.40-1.27 (m, 66H, 
PCH2CH2CH2CH3, iPr), 0.85-0.81 (m, 36H, PCH2CH2CH2CH3). 31P{1H} NMR 
(202.4 MHz, C6D6) δ 5.39 (s, 1JPt-P = 2337 Hz), 5.33 (s, 1JPt-P = 2337 Hz). MALDI-
TOF-MS: m/z 2336.76, [M]+. 
P-T-P (35). To a 250 ml Schlenk flask were charged 6b (50 mg, 0.029 mmol), iPr2NH 
(5 ml), 17 (180 mg, 0.281 mmol), CuI (5 mg) and CH2Cl2 (30 ml). To the mixture was 
added dropwise a CH2Cl2 solution (50 ml) of Bu4NF (21 mg, 0.067 mmol) over 5 h by 
using an equalizing funnel. The resulting solution was stirred overnight and all the 
solvents were reduced to dryness. The dark blue product was collected from column 
chromatography (silica gel, 20 cm x 2 cm column, hexane : dichloromethane 2:1). 
Yield: 31 mg, 44%. Anal. Calcd (%) for 35 (C140H184P4Pt2Si2): C, 68.99; H, 7.61. 
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Found: C, 68.70; H, 7.54. 1H NMR (500 MHz, C6D6) δ 10.00 (s, 2H, H6,11-tetracene), 
9.96 (s, 4H, H5,7-pentacene), 9.70 (s, 4H, H12,14-pentacene), 9.35 (dd, J = 3.1, 6.9 Hz, 
2H, H1,4-tetracene), 8.34 (dd, J = 3.1, 6.9 Hz, 2H, H7,10-tetracene), 8.21 (d, J = 8.8 Hz, 
4H, H4,8-pentacene), 8.05 (d, J = 8.8 Hz, 4H, H1,11-pentacene), 7.63 (dd, J = 3.1, 6.9 
Hz, 2H, H2,3-tetracene), 7.37 (dd, J = 3.1, 6.9 Hz, 2H, H8,9-tetracene), 7.26 (t, J = 8.8 
Hz, 4H, H3,9-pentacene), 7.16 (overlapped, 2H, H2,10-pentacene), 2.22-2.20 (m, 24H, 
PCH2CH2CH2CH3), 1.90-1.88 (m, 24H, PCH2CH2CH2CH3), 1.43-1.29 (m, 66H, 
PCH2CH2CH2CH3, iPr), 0.83 (t, J = 7.6 Hz, 24H, PCH2CH2CH2CH3). 31P{1H} NMR 
(202.4 MHz, C6D6) δ 5.42 (s, 1JPt-P = 2339 Hz). MALDI-TOF-MS: m/z 2436.73, [M]+. 
P-T-PtI (36). To a 250 ml Schlenk flask were charged 6b (200 mg, 0.116 mmol), 
iPr2NH (5 ml), 17 (150 mg, 0.235 mmol), CuI (5 mg) and CH2Cl2 (30 ml). To the 
mixture was added dropwise a CH2Cl2 solution (50 ml) of Bu4NF (18 mg, 0.058 
mmol) over 5 h by using an equalizing funnel. The resulting solution was stirred 
overnight and all the solvents were reduced to dryness. The dark purple product was 
collected from column chromatography (silica gel, 20 cm x 2 cm column, hexane : 
dichloromethane 4:1). Yield: 45 mg, 38%. Anal. Calcd (%)  for 36 (C105H151P4Pt2Si): 
C, 60.56; H, 7.31. Found: C, 60.27; H, 7.32. 1H NMR (500 MHz, C6D6) δ 9.98 (s, 1H, 
H6-tetracene), 9.95 (s, 2H, H5,7-pentacene), 9.84 (s, 1H, H11-tetracene), 9.71 (s, 2H, 
H12,14-pentacene), 9.32 (d, J = 8.5 Hz, 1H, H4-tetracene), 9.19 (d, J = 8.5 Hz, 1H, H1-
tetracene), 8.30 (d, J = 8.8 Hz, 1H, H7-tetracene), 8.26 (d, J = 8.2 Hz, 1H, H10-
tetracene), 8.20 (d, J = 8.8 Hz, 2H, H4,8-pentacene), 8.05 (d, J = 8.8 Hz, 2H, H1,11-
pentacene), 7.60-7.55 (m, 2H, H2,3-tetracene), 7.35-7.30 (m, 2H, H8,9-tetracene), 7.25 
(t, J = 8.2 Hz, 4H, H3,9-pentacene), 7.16 (overlapped, 2H, H2,10-pentacene), 2.24-2.17 
(m, 24H, PCH2CH2CH2CH3), 1.88-1.85 (m, 12H, PCH2CH2CH2CH3), 1.74-1.71 (m, 
12H, PCH2CH2CH2CH3), 1.42-1.29 (m, 45H, PCH2CH2CH2CH3, iPr), 0.87 (t, J = 7.6 
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Hz, 12H, PCH2CH2CH2CH3), 0.82 (t, J = 7.6 Hz, 12H, PCH2CH2CH2CH3). 31P{1H} 
NMR (202.4 MHz, C6D6) δ 5.40 (s, 1JPt-P = 2339 Hz), 1.63 (s, 1JPt-P = 2312 Hz). 
MALDI-TOF-MS: m/z 2082.30, [M]+. 
A-T-P (37). To a 250 ml Schlenk flask were charged 9,10-
bis(triisopropylsilylethynyl)anthracene (150 mg, 0.278 mmol), iPr2NH (5 ml), CuI (5 
mg) and CH2Cl2 (30 ml). To the mixture was added dropwise a CH2Cl2 solution (50 
ml) of Bu4NF (12 mg, 0.038 mmol) over 5 h by using an equalizing funnel and then 
was quickly added 36 (30 mg, 0.014 mmol). The resulting solution was stirred 
overnight and all the solvents were reduced to dryness. The dark brown product was 
collected from column chromatography (silica gel, 20 cm x 2 cm column, hexane : 
dichloromethane 4:1). Yield: 23 mg, 68%. Anal. Calcd (%) for 37 (C132H180P4Pt2Si2): 
C, 67.84; H, 7.76. Found: C, 67.41; H, 7.42. 1H NMR (500 MHz, C6D6) δ 9.99 (s, 1H, 
H6-tetracene), 9.97 (s, 3H, H11-tetracene, H5,7-pentacene), 9.71 (s, 2H, H12,14-
pentacene), 9.35-9.29 (m, 4H, H4,5-anthracene, H1,4-tetracene), 9.06 (d, J = 8.2 Hz, 2H, 
H1,8-anthracene), 8.34-8.29 (m, 2H, H7,10-tetracene), 8.21 (d, J = 8.8 Hz, 2H, H4,8-
pentacene), 8.05 (d, J = 8.8 Hz, 2H, H1,11-pentacene), 7.65-7.59 (m, 2H, H2,3-
tetracene), 7.56-7.50 (m, 4H, H2,3,6,7-anthracene), 7.36-7.32 (m, 2H, H8,9-tetracene), 
7.26 (t, J = 8.2 Hz, 2H, H3,9-pentacene), 7.16 (overlapped, 2H, H2,10-pentacene), 2.22-
2.19 (m, 12H, PCH2CH2CH2CH3), 2.16-2.13 (m, 12H, PCH2CH2CH2CH3), 1.89-1.81 
(m, 24H, PCH2CH2CH2CH3), 1.43-1.28 (m, 66H, PCH2CH2CH2CH3, iPr), 0.86-0.81 
(m, 36H, PCH2CH2CH2CH3). 31P{1H} NMR (202.4 MHz, C6D6) δ 5.42 (s, 1JPt-P = 
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Chapter 6  
Conclusions 
 
  In summary, the coordination chemistry and photophysical properties of gold(I) 
and platinum(II) complexes of ligands bearing tetracenyl and pentacenyl units have 
been explored. 
 In Chapter 2, two synthetic entries have been utilized to prepare five metal 
complexes. Attaching gold and platinum to the rim of tetracene at the 5-position 
induces the red shift of the emission in solution compared to that of tetracene. 
Similarly, auration and platination of 5,12-tetracenyldiacetylide also leads to the red-
shift of the emission compared to  that of 5,12-bis(triisopropylsilyl)tetracene 
(compound 3). The red-shift of emission of 6 to that of tetracene can be measured up 
to 0.53 eV. The X(Et3P)2PtII group (X = Br, I) has stronger perturbations on the 
tetracenyl ring than the R3PAuI group (R = Ph, Me). Varying the auxiliary phosphine 
ligands from PPh3 (in 4) to PMe3 (in 5) can switch on intriguing aurophilic interaction 
in the solid state. The resulting honeycomb structure composed of helical AuI chains 
in the packing of 5 possesses hexagonal pores with diameter of 0.8 nm. The results 
highlight the potential of secondary interactions such as hydrogen bonding and 
metallophilicity in controlling the patterning of tetracenyl rings in the solid state. 
 In Chapter 3, the compound 6a serves as precursor for the syntheses of a series 
of dinuclear platinum complexes of 5,12-tetracenyldiacetylide with different auxiliary 
ligands (7 – 11, 13 – 16). The auxiliary ligands can be categorized into two groups: 
anionic, π-donating ligand and neutral, π-accepting ligand. Spectroscopic study shows 
that the complexes with anionic, π-donating ligands showed absorption (572 – 580 
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nm) and fluorescence (596 – 608 nm) lower in energy than those with neutral, π-
accepting ligands (552 – 555 nm, 561 – 570 nm). The ligand phenylacetylide in 
compound 11 has the strongest effect in red-shifting the emission of tetracenyl ring up 
to 608 nm. The combined perturbations of alkynylation and platination lowered the 
emission energy up to 0.57 eV. DFT calculation shows the tuning effects of two 
categories of ligands on the emission energy of tetracenyl rings are consistent with 
experimental spectroscopic data. The results imply that variation of the auxiliary 
ligands or substituents is an effective route to perturb the electronic structures of 
chromophores. 
 In Chapter 4, a series of binuclear platinum complexes of 6,13-
pentacenyldiacetylide with different auxiliary ligands were synthesized to probe the 
effect of platination on the electronic structure of the organic chromophore and solid 
state packing of the complexes (18a,b – 20, 22 – 24). The absorption and fluorescence 
of the complexes show a similar trend to that of tetracenyl congeners in Chapter 3. 
The complexes with anionic, π-donating ligands showed absorption (687 – 696 nm) 
and fluorescence (710 – 726 nm) lower in energy than those with neutral, π-accepting 
ligands (662 – 666 nm, 675 – 686 nm). The results show that coordination of PtII ions 
with π-donating anionic ligands to 6,13-pentacenyldiacetylide could move the 
fluorescence of the organic chromophore to the near infrared (λem =  710 – 726 nm) in 
which contributions of wavelength longer than 700 nm are more than 80% of the 
emissions. The combined perturbations of alkynylation and platination lowered the 
HOMO→LUMO transition up to 0.34 eV. 
In Chapter 5, the compounds 3 and 17 can be singly deprotected, paving the 
way for the syntheses of multichromophoric systems. For monochromophoric systems, 
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the compounds 25 and 26 show almost unchanged photophysical properties in 
comparison with their dinuclear platinum congeners. However, the compounds 27 and 
28 show structureless absorption bands and are weakly emissive while their dinuclear 
platinum congeners show vibronic bands in absorption spectra and are NIR-emissive. 
The results imply that the perturbations of platinum to pentacenyl and tetracenyl rings 
in mononuclear complexes are different from the dinuclear analogues. For 
bichromophoric systems, the compounds 29 and 30 reveal similar physical properties 
to their monochromophoric congeners. Interestingly, 30 shows unusual double 
stacking of pentacenyl rings with a large π-surface overlap in solid state. The 
compound 31 exhibits a wide range of absorption with a purple color because of 
having two different chromophores, tetracene and pentacene. More intriguingly, the 
trichromophoric compounds 34 and 37 composed of anthracene, tetracene, and 
pentacene absorb over the whole visible region, thus being brown in color. The 
energy transfer effect can be evidenced via excitation spectra and fluorescence decays 
of the multichromophoric compounds.  
Some suggestions for the future work can be made according to the results 
achieved in this Thesis. The simple but effective synthetic methodology (Sonogashira 
coupling) used in this Thesis proved suitable in dealing with PAHs systems with low 
solubility and chemical stability such as tetracene and pentacene. The method would 
be expanded to other PAHs systems with similar intrinsic limits such as hexacene and 
coronene. The organic derivatives of the two chromophores have been well studied 
but no organometallic complex is reported so far.  The platinum(II) complexes of 
hexacene and coronene may display intriguing photophysical properties in 
comparison to the organic congeners. 
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Gold(I) and platinum(II) are the metals of choice in this Thesis. The results 
showed that the metals did affect the electronic structures of tetracenyl and pentacenyl 
cores. It would be interesting to incorporate other transition metals which display rich 
photochemistry like PdII, RuII, OsII, IrIII, HgI, ReI to polyacene-based ligands. The 
complexes between the metal centers and the organic ligands which are both 
photophysically rich would be worth investigating.  
The compounds 12 and 21 can be used as building blocks for constructing 
supramolecular systems. As linear linkers, various geometries can be obtained with 
suitable designs of angular organic ligands. Additionally, rich host-guest chemistry of 
the supramolecular systems would be expected. Bearing luminophores with large π-
surface areas as tetracene and pentacene, the supramolecules may show various types 
of interactions with different guest molecules. Consequently, new photophysical 
properties of the systems would be effected. 
The application in fabrication of FET devices, OLED and solar cells is 
currently a topic of great interest. The dinuclear gold(I) and platinum(II) complexes of 
tetracenyldiacetylide display very strong red emissions with high quantum yields 
(0.13 – 0.97). Hence, the compounds may be suitable for fabrication of red light 
emitting diodes. Notably, the π-π interaction operates in the solid state of 20, 23, 26 
and especially 30, thus rendering them a new class of organometallic materials for 
FET device application. More interestingly, the multichromophoric complexes (34 
and 37) which absorb the whole visible region may serve as potential candidates for 
photovoltaic materials. However, due to the unavailable conditions for device 


























































































































































































































Figure A.6 ESI-MS spectrum of 7.  
PtI2 #55-74 RT: 0.82-1.01 AV: 14 NL: 4.88E8
T: + c ESI Full ms [1000.00-2000.00]


























1412.621182.26 1231.01 1518.24 1999.571743.201644.60 1884.15
PtBr_091203162414 #48-63 RT: 1.43-1.87 AV: 16 NL: 3.81E4
T: + c ESI Full ms [50.00-2000.00]












































































































































































































































































































Figure A.11a ESI-MS spectrum of 13.  
 
 







Figure A.11b (a) ESI-MS cluster peak for [13-2OTf]2+. (b) Simulated isotopic 
distribution for [13-2OTf]2+. 
MH199 #61-64 RT: 1.62-1.70 AV: 4 NL: 9.90E8
T: + c ESI Full ms [100.00-2000.00]





























Figure A.12a ESI-MS spectrum of 14.  
 
 






Figure A.12b (a) ESI-MS cluster peak for [14-2OTf]2+. (b) Simulated isotopic 
distribution for [14-2OTf] 2+. 
NC09_091020165813 #1-8 RT: 0.02-0.21 AV: 8 NL: 5.23E8
T: + c ESI Full ms [50.00-2000.00]




























Figure A.13a ESI-MS spectrum of 15.  
 
 





Figure A.13b (a) ESI-MS cluster peak for [15-2OTf]2+. (b) Simulated isotopic 
distribution for [15-2OTf] 2+. 
 
MH197 #50-54 RT: 1.36-1.46 AV: 5 NL: 6.89E8
T: + c ESI Full ms [50.00-2000.00]


































Figure A.15 ESI-MS spectrum of 18a.  
MH202 #28-37 RT: 0.74-0.97 AV: 10 NL: 3.41E8
T: + c ESI Full ms [50.00-2000.00]





























1394.13176.68 942.06 1104.06 1299.37 1708.61 1847.011553.10
MH259 #313-330 RT: 4.90-5.33 AV: 15 NL: 2.89E5
T: + c ESI Full ms [50.00-2000.00]
































Figure A.16a ESI-MS spectrum of 18b.  
 
 






Figure A.16b (a) ESI-MS cluster peak for [18b]+. (b) Simulated isotopic distribution 
for [18b]+. 
 
MH310 #11-39 RT: 0.35-0.79 AV: 23 NL: 2.97E5
T: + c ESI Full ms [1000.00-2000.00]































Figure A.17a ESI-MS spectrum of 19.  
 
 




Figure A.17b (a) ESI-MS cluster peak for [19]+. (b) Simulated isotopic distribution 
for [19]+. 
 
MH267 #120-135 RT: 3.48-3.92 AV: 16 NL: 3.00E5
T: + c ESI Full ms [50.00-2000.00]





























Figure A.18a ESI-MS spectrum of 20.  
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Figure A.18b (a) ESI-MS cluster peak for [20]+. (b) Simulated isotopic 
distribution for [20]+. 
 
 
MH279 #158-214 RT: 2.81-3.93 AV: 39 NL: 1.38E5
T: + c ESI Full ms [50.00-2000.00]
































Figure A.19a ESI-MS spectrum of 22.  
 
 







Figure A.19b (a) ESI-MS cluster peak for [22-2OTf]2+. (b) Simulated isotopic 
distribution for [22-2OTf]+. 
 
MH283 #28-32 RT: 0.74-0.84 AV: 5 NL: 7.46E7
T: + c ESI Full ms [50.00-2000.00]































Figure A.20a ESI-MS spectrum of 23.  
 
 







Figure A.20b (a) ESI-MS cluster peak for [23-2OTf]2+. (b) Simulated isotopic 
distribution for [23-2OTf]+. 
 
MH284 #93-96 RT: 2.51-2.59 AV: 4 NL: 9.20E7
T: + c ESI Full ms [50.00-2000.00]
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Figure A.21a ESI-MS spectrum of 24. 
 








Figure A.21b (a) ESI-MS cluster peak for [24-2ClO4]2+. (b) Simulated isotopic 
distribution for [24-2ClO4]2+. 
 
 
MH273 #146-151 RT: 2.65-2.78 AV: 6 NL: 1.02E7
T: + c ESI Full ms [50.00-2000.00]
































Figure A.22 MALDI-TOF-MS spectrum of 25. 
 
 
Figure A.23a MALDI-TOF-MS spectrum of 26.  
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Figure A.23b (a) MALDI-TOF-MS cluster peak for [26]+. (b) Simulated isotopic 




Figure A.24a ESI-MS spectrum of 27.  
 
MH258 #1 RT: 0.01 AV: 1 NL: 6.71E5
T: + c ESI Full ms [400.00-2000.00]
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Figure A.24b (a) MALDI-TOF-MS cluster peak for [27]+. (b) Simulated isotopic 








Figure A.26a MALDI-TOF-MS spectrum of 29.  
 
 






Figure A.26b (a) MALDI-TOF-MS cluster peak for [29]+. (b) Simulated isotopic 




Figure A.27a MALDI-TOF-MS spectrum of 30.  
 
 






Figure A.27b (a) MALDI-TOF-MS cluster peak for [30]+. (b) Simulated isotopic 




Figure A.28 MALDI-TOF-MS spectrum of 31.  
 Figure A.29 MALDI-TOF-MS spectrum of 32. 
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 Figure A.30 MALDI-TOF-MS spectrum of 33. 
 Figure A.31 MALDI-TOF-MS spectrum of 34. 
219 
 
 Figure A.32 MALDI-TOF-MS spectrum of 35. 
 Figure A.33 MALDI-TOF-MS spectrum of 36. 
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 Figure A.34 MALDI-TOF-MS spectrum of 37. 
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Appendix B. Fluorescence Decays of the Compounds 
  













T1 0.01255   18.01%
T2 0.46798   69.86%



















T1           3.932661 (98.2%)
T2           28.67413 (1.8%)
A      1.721495
B1    0.1409674         
B2    3.551953E-04     
CHISQ    1.35788
(b)













 T1         5.37214
 A           0.9414893
 B1         0.1333336
 CHISQ  1.173254
(c)
Figure B.1 Fluorescence decays of 1 (a), 2 (b), 4 (c), 5 (d), 6a (e) and 7 (f). 













T1         5.46289
A           0.9730534
B1         0.1347319 
CHISQ  1.241096
(d)













T1         8.607748
 A          2.288849
 B1        0.1276611    
 CHISQ 1.343386
(e)













T1         9.158412
A           8.672243


















T1           6.277855E-09 (95.08%)    
 T2          1.055259E-08 (4.92 %)
 A            6.351953
 B1          7.234737E-02
 B2          2.225154E-03
 CHISQ   1.638071
(b)







T1          9.262799
A            8.030783
B1          7.300376E-02   





















T1          2.602822E-09 (97.82%)
T2          1.165776E-08 (2.18%)
A            2.756913
B1          8.752315E-02
B2          4.361606E-04
CHISQ   1.891721
(c)













T1          8.720261
A            7.557939
B1          7.265198E-02   
CHISQ   1.516835
(d)
Figure B.2 Fluorescence decays of 8 (a), 9 (b), 10 (c), 11 (d), 13 (e) and 14 (f). 













T1            2.072705E-09 (61.9%)   
T2            3.0289E-09 (38.1%)
A              2.099969
B1            6.353321E-02
B2            2.676383E-02
CHISQ     1.675238
(e)







T1          3.297543 (94.35 %)
T2          6.978443 (5.65 %)
A            2.279475
B1          8.041355E-02
B2          2.276113E-03











Figure B.3 Fluorescence decays of 15 (a), 16 (b), 18a (c), 18b (d), 19 (e) and 20 (f). 







T1          6.513801
A            5.224656
B1          7.450068E-02   















T1          5.795556
A            4.643437
B1          7.375335E-02   
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                   A1  3911.28955
                    t1  3.99083
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                   A1  3166.01468
                    t1  5.0279
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                   A1  4799.21868
                    t1  3.18204
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                   A1  5436.28203
                    t1  2.66603
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                   A1  2701.00073
                    t1  8.93604
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                   A1  3177.5022
                    t1  6.0853




















                   y0  1.13455
                   A1  3166.01468
                    t1  5.77848
Adj. R-Square   0.9987
(c)
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                   A1  11580.553
                    t1  7.74302















                   y0  -7.51681
                   A1  11632.5250
                    t1  6.81664







Figure B.4 Fluorescence decays of 22 (a), 23 (b), 24 (c), 25 (d), 26 (e) and 27 (f). 
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                   A1  2907.13877
                    t1  0.574

















                   y0  2.3463
                   A1  2373.3
                    t1  0.58595
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                   A1  2582.054
                    t1  0.46511













                   y0  5.30662
                   A1  718.86779
                    t1  0.66283
       A2 1445.4752
        t2  7.05016













                   y0  7.74731
                   A1  2365.93294
                    t1  0.48282













                   y0  9.26213
                   A1  850.61581
                    t1  7.1131
       A2 1180.2702
        t2  0.82353







Figure B.5 Fluorescence decays of 28 (a), 32 (600 nm) (b), 32 (720 nm) (c), 33 (600 
nm) (d), 33 (720 nm) (e) and 34 (490 nm) (f). 
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                   A1  4957.9684
                    t1  4.73618

















                   y0  17.79641
                   A1  921.8645
                    t1  0.74747
       A2 1125.607
        t2  7.02875













                   y0  2.03963
                   A1  2341.320
                    t1  0.54319














                   y0  38.99229
                   A1  1131.3891
                    t1  0.86906
       A2 3801.6057
        t2  7.36546














                   y0  71.9171
                   A1  1432.10174
                    t1  0.68187
       A2 3747.92611
        t2  4.42129







Figure B.6 Fluorescence decays of 34 (600 nm) (a), 34 (720 nm) (b), 36 (600 nm) (c), 
37 (490 nm) (d), 29 (e). 
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                   A1  668.3527
                    t1  6.73727
      A2  1758.72
       t2 0.59536











The tables of crystal data and structures refinement detail for the following compound: 
(1) Chapter 2: 1, 2, 4 and 5; 
(2) Chapter 3: 9, 10, 11, 13, 14 and 15; 
(3) Chapter 4: 18b, 19, 20, 22, 23 and 24; 
(4) Chapter 5: 26, 27, 29 and 30. 
For all tables, 
R1 = (||Fo|- |Fc||)/(|Fo|);  
wR2 = [w(Fo2 - Fc2)/w(Fo4)]1/2;  
Goodness-of-fit (GOF) = [(w(Fo2- Fc2)2/(n-p)]1/2, where n is the number of 
observations and p is the number of parameters. 
For all crystal determinations, scan type and wavelength of radiation used is ω and 
0.71073 Å, respectively. 
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Table C.1 Crystal data and structures refinement details for 1•C3H6O and 2.  
Complexes  1•C3H6O 2 
Temperature (K) 223(2) 295(2) 
Empirical formula  C39H32AuOP C30H41BrP2Pt 
Formula weight  744.58 738.57 
Crystal system  Orthorhombic Triclinic 
Space group  Pbca P-1 
Unit cell dimensions 
a = 7.6562(3) Å  
b = 21.0180(9) Å 
c = 37.5754(16) Å 
α = 90° 
 β = 90° 
γ = 90° 
a = 8.8662(8) Å 
 b = 10.2157(10) Å 
c = 17.3034(17) Å 
α = 73.448(2)° 
β = 87.757(2)° 
γ  = 80.250(2)° 
Volume (Å3) 6046.6(4)  1480.5(2)  
Z 8 2 
Density (calculated, g cm-3) 1.636 1.657 
Absorption coefficient (mm-1) 4.950  6.213  
F(000) 2944 728 
Crystal size (mm3) 0.30  x 0.26 x 0.18 0.26 x 0.16 x 0.10 
θ  range for data collection 1.08 to 27.50° 1.23 to 27.49° 
Index ranges 
-9 ≤ h ≤ 9,  
-26 ≤ k ≤ 27, 
 -43 ≤ l ≤ 48 
-9 ≤ h ≤ 11 
-12 ≤ k ≤ 13 
-21 ≤ l ≤ 22 
Reflections collected 40293 10368 
Independent reflections 6928 [R(int) = 0.0463] 6730 [R(int) = 0.0320] 
Max. and min. transmission 0.4694 and 0.3183 0.5754 and 0.2950 
Data / restraints / parameters 6928 / 1 / 381 6730 / 1 / 307 
Final R indices[I>2sigma(I)] 
R1 = 0.0476 
 wR2 = 0.1207 
R1 = 0.0500 
wR2 = 0.1211 
Goodness-of-fit (GOF) 1.133 1.005 





Table C.2 Crystal data and structures refinement details for 4•3.5CHCl3 and 5.  
Complexes  4•3.5CHCl3  5 
Temperature (K) 223(2) 100(2) 
Empirical formula  C61.50H43.50Au2Cl10.50P2 C28H28Au2P2 
Formula weight  1610.56 820.38 
Crystal system  Triclinic Rhombohedral 
Space group  P-1 R3m 
Unit cell dimensions 
a = 13.1311(17) Å 
b = 14.635(2) Å 
c = 16.498(2) Å 
α = 89.380(3)° 
β = 86.435(3)° 
γ  = 70.710(3)° 
a = 32.5214(12) Å 
b = 32.5214(12) Å 
c = 8.7601(7) Å 
α = 90° 
β = 90° 
γ  = 120° 
Volume (Å3) 2986.5(7) 8023.8(8) 
Z 2 9 
Density (calculated, g cm-3) 1.791 1.528 
Absorption coefficient (mm-1) 5.470  8.318 
F(000) 1558 3456 
Crystal size (mm3) 0.26 x 0.20 x 0.08 0.7 x 0.36 x 0.16 
θ  range for data collection 1.24 to 25.00° 1.25 to 27.48° 
Index ranges 
-15 ≤ h ≤ 12 
-17 ≤ k ≤ 15 
-18 ≤ l ≤ 19 
-38 ≤ h ≤ 42 
-42 ≤ k ≤ 29 
-11 ≤ l ≤ 11 
Reflections collected 17112 19070 
Independent reflections 10480 [R(int) = 0.0601] 4288 [R(int) = 0.0433] 
Max. and min. transmission 0.6687 and 0.3305 0.3495 and 0.0679 
Data / restraints / parameters 10480 / 36 / 694 4288 / 28 / 167 
Final R indices[I>2sigma(I)] 
R1 = 0.0696 
wR2 = 0.1575 
R1 = 0.0515 
wR2 = 0.1295 
Goodness-of-fit (GOF) 1.007 1.084 





Table C.3 Crystal data and structures refinement details for 9 and 10.  
Complexes  9  10 
Temperature (K) 100(2)  100(2)  
Empirical formula  C58H80P4Pt2S2 C58H80P4Pt2Se2 
Formula weight  1355.40 1449.20 
Crystal system  Monoclinic Monoclinic 
Space group  P2(1)/c P2(1)/c 
Unit cell dimensions 
a = 9.2161(11) Å  
b = 25.684(3) Å  
c = 12.9507(15) Å  
α = 90°  
β = 109.035°  
γ  = 90° 
a = 8.9050(8) Å 
b = 11.5177(11) Å 
c = 27.949(3) Å 
α = 90° 
β = 93.569° 
γ  = 90° 
Volume (Å3) 2897.9(6) 2861.1(5) 
Z 2 2 
Density (calculated, g cm-3) 1.553 1.682 
Absorption coefficient (mm-1) 5.040 6.304 
F(000) 1352 1424 
Crystal size (mm3) 0.3 x 0.18 x 0.14 0.30 x 0.14 x 0.04 
θ  range for data collection 1.59 to 25.00° 1.91 to 25.00o 
Index ranges 
-10 ≤ h ≤ 10 
-30 ≤ k ≤ 25 
-15 ≤ l ≤ 14 
-10 ≤ h ≤ 10 
-13 ≤ k ≤ 13 
-15 ≤ l ≤ 14 
Reflections collected 16478 16058 
Independent reflections 5102 [R(int) = 0.0872] 5042 [R(int) = 0.0676] 
Max. and min. transmission 0.5389 and 0.3132 0.7866 and 0.2536 
Data / restraints / parameters 5102 / 381 / 507 5042 / 286 / 432 
Goodness-of-fit (GOF) 1.126 1.225 
Final R indices[I>2sigma(I)] 
R1 = 0.0844,  
wR2 = 0.1687 
R1 = 0.0863,  
wR2 = 0.1717 





Table C.4 Crystal data and structures refinement details for 11 and 13•2CH2Cl2. 
Complexes  11 13•2CH2Cl2 
Temperature (K) 100(2)  100(2)  
Empirical formula  C62H80P4Pt2 C86H104Cl4F6O6P6Pt2S2 
Formula weight  1339.32 2129.61 
Crystal system  Triclinic Triclinic 
Space group  P-1 P-1 
Unit cell dimensions 
a = 9.5196(48) Å 
b = 17.2407(8) Å 
c = 18.7566(8) Å 
α = 71.5200(10)° 
β = 80.6780(10)° 
γ  = 81.3280(10)° 
a = 9.4901(4) Å  
b = 11.5318(5) Å  
c = 20.5678(9)  Å  
α = 81.0690(10)° 
β  = 89.8720(10)° 
γ  = 80.7640(10)° 
Volume (Å3) 2864.8(2) 2194.19(16) 
Z 2 1 
Density (calculated, g cm-3) 1.553 1.612 
Absorption coefficient (mm-1) 5.027 3.527  
F(000) 1336 1068 
Crystal size (mm3) 0.40 x 0.16 x 0.08 0.56 x 0.30 x 0.28 
θ  range for data collection 1.15 to 25.00o 1.00 to 27.50° 
Index ranges 
-11 ≤ h ≤ 11 
-20 ≤ k ≤ 20 
-22 ≤ l ≤ 22 
-12 ≤ h ≤ 12 
-14 ≤ k ≤ 14 
-26 ≤ l ≤ 26 
Reflections collected 31021 29069 
Independent reflections 
10103 
 [R(int) = 0.0330] 
10053  
[R(int) = 0.0379] 
Max. and min. transmission 0.6892 and 0.2384 0.4384 and 0.2427 
Data / restraints / parameters 10103 / 0 / 625 10053/ 41 / 556 
Goodness-of-fit (GOF) 1.069 1.154 
Final R indices[I>2sigma(I)] 
R1 = 0.0357,  
wR2 = 0.0879 
R1 = 0.0395, 
 wR2 = 0.0974 




Table C.5 Crystal data and structures refinement details for 14•0.5C3H6O•H2O and 
15•2CH2Cl2. 
Complexes  14•0.5C3H6O•H2O 15•2CH2Cl2 
Temperature (K) 100(2)  100(2)  
Empirical formula  C61.5H105F6O7.5P6 Pt2 S2 
C60H84Cl4F6N2O6P4 
Pt2S2 
Formula weight  1716.56 1763.27 
Crystal system  Monoclinic Monoclinic 
Space group  P2(1)/n C2/c 
Unit cell dimensions 
a = 22.9582(10)  Å  
b = 10.8973(5)Å  
c = 29.5076(13) Å  
α = 90° 
β = 91.5000(10)° 
γ  = 90° 
a = 9.2429(8) Å  
b = 20.0203(17) Å  
c = 37.838(3) Å  
α = 90°  
β = 95.066(2)°  
γ  = 90° 
Volume (Å3) 7379.8(6) 6794.5(10) 
Z 4 4 
Density (calculated, g cm-3) 1.545 1.679 
Absorption coefficient (mm-1) 4.035  4.376  
F(000) 3456 3504 
Crystal size (mm3) 0.40  x 0.30 x 0.02 0.78 x 0.16 x 0.10 
θ  range for data collection 1.14 to 25.00° 2.11 to 27.50° 
Index ranges 
-27 ≤ h ≤ 27 
-8 ≤ k ≤ 12 
-34 ≤ l ≤ 35 
-11 ≤ h ≤ 11 
-24 ≤ k ≤ 26 
-41 ≤ l ≤ 49 
Reflections collected 41224 24544 
Independent reflections 12968 [R(int) = 0.0502] 8006 [R(int) = 0.0317] 
Max. and min. transmission 0.9236 and 0.2952 0.6687 and 0.1315 
Data / restraints / parameters 12968 / 548 / 923 8006 / 0 / 394 
Goodness-of-fit (GOF) 1.053 1.245 
Final R indices[I>2sigma(I)] 
R1 = 0.0572,  
wR2 = 0.1438 
R1 = 0.0416,  
wR2 = 0.0931 




Table C.6 Crystal data and structures refinement details for 18b and 19•2CH2Cl2. 
Complexes  18b 19•2CH2Cl2 
Temperature (K) 100(2)  100(2)  
Empirical formula  C74H120I2P4Pt2 C64H86Cl4P4Pt2S2 
Formula weight  1777.56 1575.31 
Crystal system  Monoclinic Triclinic 
Space group  P2(1)/c P-1 
Unit cell dimensions 
a = 8.9087(12) Å 
b = 15.686(2) Å 
c = 27.615(4) Å 
α = 90o 
β = 97.571(4)o 
γ = 90o 
a = 8.5325(19) Å  
b = 12.255(3) Å  
c = 15.834(4)  Å  
α = 95.889(4)° 
β  = 95.537(4)° 
γ  = 100.011(4)° 
Volume (Å3) 3825.4(9) 1610.8(6) 
Z 2 1 
Density (calculated, g cm-3) 1.543 1.624 
Absorption coefficient (mm-1) 4.581 4.706 
F(000) 1772 786 
Crystal size (mm3) 0.90 x 0.12 x 0.06 0.30 x 0.06 x 0.06 
θ  range for data collection 1.49 to 27.49o 1.30 to 25.00° 
Index ranges 
-11 ≤ h ≤ 11 
-20 ≤ k ≤ 19 
-30 ≤ l ≤ 35 
-10 ≤ h ≤ 10 
-14 ≤ k ≤ 14 
-18 ≤ l ≤ 18 
Reflections collected 26707 16877 
Independent reflections 8775 [R(int) = 0.0397] 5664 [R(int) = 0.0670]
Max. and min. transmission 0.7706 and 0.1044 0.7655 and 0.3326 
Data / restraints / parameters 8775/ 0 / 376 5664 / 0 / 349 
Goodness-of-fit (GOF) 1.063 1.109 
Final R indices[I>2sigma(I)] 
R1 = 0.0296, 
wR2 = 0.0658 
R1 = 0.0494, 
 wR2 = 0.0999 





Table C.7 Crystal data and structures refinement details for 20 and 22•2H2O.  
Complexes  20 22•2H2O 
Temperature (K) 100(2)  100(2)  
Empirical formula  C66H82P4Pt2 C88H106F6O8P6Pt2S2 
Formula weight  1389.38 2045.85 
Crystal system  Monoclinic Monoclinic 
Space group  P2(1)/n P2/n 
Unit cell dimensions 
a = 9.3267(12)  Å  
b = 10.0902(13)Å  
c = 32.989(4) Å  
α = 90° 
β = 94.049(10)° 
γ  = 90° 
a =22.021(4) Å 
b = 9.6457(17) Å 
c = 22.317(4) Å 
α = 90° 
β = 111.396° 
γ  = 90° 
Volume (Å3) 3096.8(7) 4413.6(13) 
Z 2 2 
Density (calculated, g cm-3) 1.490 1.539 
Absorption coefficient (mm-1) 4.653  3.388 
F(000) 1388 2060 
Crystal size (mm3) 0.30  x 0.12 x 0.10 0.40 x 0.26 x 0.08 
θ  range for data collection 2.11 to 27.50° 1.63 to 25.00o 
Index ranges 
-11 ≤ h ≤ 12 
-13 ≤ k ≤ 10 
-42 ≤ l ≤ 41 
-26 ≤ h ≤ 25 
-11 ≤ k ≤ 11 
-26 ≤ l ≤ 23 
Reflections collected 21506 25105 
Independent reflections 7087 [R(int) = 0.0442] 7758 [R(int) = 0.0607] 
Max. and min. transmission 0.6662 and 0.5459 0.7733 and 0.3443 
Data / restraints / parameters 7087 / 41 / 348 7758 / 53 / 550 
Goodness-of-fit (GOF) 1.078 1.142 
Final R indices[I>2sigma(I)] 
R1 = 0.0366,  
wR2 = 0.0845 
R1 = 0.0615,  
wR2 = 0.1397 





Table C.8 Crystal data and structures refinement details for 23•CH2Cl2 and 24. 
Complexes  23•CH2Cl2 24 
Temperature (K) 100(2)  90(2)  
Empirical formula  C63H84Cl2F6N2O6P4Pt2S2 C68H90Cl2N2O8P4Pt2 
Formula weight  1728.4 1648.38 
Crystal system  Triclinic Monoclinic 
Space group  P-1 P2(1)/c 
Unit cell dimensions 
a = 9.359(5) Å  
b = 19.357(9) Å  
c = 20.162(10) Å  
α = 77.513(9)°  
β = 85.523(10)°  
γ  = 78.643(9)° 
a = 18.470(3) Å 
b = 9.6544(13) Å 
c = 39.616(6) Å 
α = 90° 
β = 99.540(3)° 
γ  = 90° 
Volume (Å3) 3494(3) 6966.5(16) 
Z 2 4 
Density (calculated, g cm-3) 1.643 1.572 
Absorption coefficient (mm-1) 4.292 4.234 
F(000) 1720 3304 
Crystal size (mm3) 0.60 x 0.10 x 0.04 0.60 x 0.14 x 0.04 
θ  range for data collection 1.34 to 27.50° 1.12 to 25.00o 
Index ranges 
-12 ≤ h ≤ 12 
-25 ≤ k ≤ 25 
-26 ≤ l ≤ 26 
-20 ≤ h ≤ 21 
-11 ≤ k ≤ 11 
-47 ≤ l ≤ 44 
Reflections collected 44567 39257 
Independent reflections 15964 [R(int) = 0.0853] 12264 [R(int) = 0.0738] 
Max. and min. transmission 0.8471 and 0.1827 0.8489 and 0.1856 
Data / restraints / parameters 15964 / 133 / 821 11264 / 603 / 1025 
Goodness-of-fit (GOF) 1.033 1.020 
Final R indices[I>2sigma(I)] 
R1 = 0.0684,  
wR2 = 0.1758 
R1 = 0.0603,  
wR2 = 0.1396 





Table C.9 Crystal data and structures refinement details for 26 and 27.  
Complexes  26 27 
Temperature (K) 100(2)  100(2) 
Empirical formula  C51H66P2PtSi C47H63I P2PtSi 
Formula weight  964.16 1039.49 
Crystal system  Triclinic Monoclinic 
Space group  P-1 P2(1)/c 
Unit cell dimensions 
a = 9.680(3) Å  
b = 16.350(5) Å  
c = 17.323(6)  Å  
α = 62.204(7)° 
β  = 78.902(8)° 
γ  = 86.599(8)° 
a = 30.112(2) Å 
b = 25.0907(17) Å 
c = 24.4373(19) Å 
α = 90° 
β = 91.597(3)° 
γ  = 90° 
Volume (Å3) 2378.6(14) 18456(2) 
Z 2 16 
Density (calculated, g cm-3) 1.346 1.496 
Absorption coefficient (mm-1) 3.074 3.835 
F(000) 988 8312 
Crystal size (mm3) 0.60 x 0.06 x 0.04 0.58 x 0.20 x 0.16 
θ  range for data collection 1.35 to 27.50° 1.06 to 25.00o 
Index ranges 
-12 ≤ h ≤ 12 
-21 ≤ k ≤ 21 
-22 ≤ l ≤ 22 
-35 ≤ h ≤ 35 
-29 ≤ k ≤ 18 
-29 ≤ l ≤ 29 
Reflections collected 31128 109398 
Independent reflections 10880 [R(int) = 0.1157] 32492 [R(int) = 0.0732] 
Max. and min. transmission 0.8869 and 0.2599 0.3334 and 0.2161 
Data / restraints / parameters 10880 / 30 / 526 32492 / 262 / 2044 
Goodness-of-fit (GOF) 1.032 0.941 
Final R indices[I>2sigma(I)] 
R1 = 0.0787, 
 wR2 = 0.1504 
R1 = 0.0542,  
wR2 = 0.1258 





Table C.10 Crystal data and structures refinement details for 29•CH2Cl2 and 30. 
Complexes  29•CH2Cl2 30 
Temperature (K) 100(2)  100(2)  
Empirical formula  C75H94Cl2P2PtSi2 C82H96P2PtSi2 
Formula weight  1379.61 1394.80 
Crystal system  Monoclinic Triclinic 
Space group  C2/c P-1 
Unit cell dimensions 
a = 38.117(5) Å  
b = 11.0180(14) Å  
c = 17.077(2)  Å  
α = 90° 
β  = 103.170(3)° 
γ  = 90° 
a = 7.2711(13)  Å  
b = 11.622(2)Å  
c = 21.039(4) Å  
α = 86.290(4)° 
β = 81.186(4)° 
γ  = 81.257(4)° 
Volume (Å3) 6994.2(16) 1734.9(5) 
Z 4 1 
Density (calculated, g cm-3) 1.310 1.335 
Absorption coefficient (mm-1) 2.203 2.147  
F(000) 2856 724 
Crystal size (mm3) 0.50 x 0.08 x 0.08 0.10  x 0.10 x 0.06 
θ  range for data collection 2.19 to 27.50° 1.96 to 27.50° 
Index ranges 
-29 ≤ h ≤ 49 
-14 ≤ k ≤ 14 
-22 ≤ l ≤ 21 
-9 ≤ h ≤ 9 
-15 ≤ k ≤ 9 
-27 ≤ l ≤ 27 
Reflections collected 24101 11898 
Independent reflections 8012 [R(int) = 0.0683] 7879 [R(int) = 0.0532] 
Max. and min. transmission 0.8435 and 0.4055 0.7456 and 0.5876 
Data / restraints / parameters 8012 / 0 / 384 7879 / 212 / 395 
Goodness-of-fit (GOF) 1.041 1.076 
Final R indices[I>2sigma(I)] 
R1 = 0.0469, 
 wR2 = 0.0994 
R1 = 0.0607,  
wR2 = 0.1288 





Appendix D. Calculated Spectra of 9-11 and 15. 










































Figure D.1 Calculated Spectrum and Oscillator Strength of 11 at TD-DFT level. 





































Figure D.2 Calculated Spectrum and Oscillator Strength of 9 at TD-DFT level. 
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Figure D.3 Calculated Spectrum and Oscillator Strength of 10 at TD-DFT level. 
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